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® Fluorine containing eyclopantans dorlvatlves and prooaasas for thair production. 



® A 1^-8ul;8fitutBd-2-ttydroxy(or un8ub8titut0d)-3(or 4Hluoro^i8-4)ydroxyinethyi cyciopantane darivatfva having 
NtHa formula: 
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wherein 6 fs a reslt&e of a nucleic acid base, an azido gmup, an amfno group or an amino group protected 
by a protec6ng group; Is a hydrogen atom or a hydroxyl-pro^ctlng group; and X Is a hydrogen atom or 
•0R> wherein R2 1$ a hydrogen atom or a hydroxyl-protecting group, provided that the fluorine atom F Is 



Xbton Copy Centra 



0277688 



present at the 3»>, 3jMr 4<rpositlon. 



2 



0 277 698 



PLUORINB CONTAlNiNQ CYCUOPBNTANE DgRIVATlVgS ANO PR0CE88E8 TOR THBffl PRODUCTION 



The present invention retatas to nove) fluorfne-oontalnins cyclopentane derivatives and processes .for 
t^kel^ production. 

Nucleosides having a lluorlne-contalntng sugar are imown as antitumor ^ents or antiviral agents. 
Specifically, for exan^ple, 3-deoxy-3-fluorofurano8lde derivatives are known (Japanese Unexamfned Patent 
' 6 publication No. 175498^984, J.A. Wright et al, Carbohydrate Research. 1& 348-347 (1871)}. However. In 
nuny cases, their activities are lower In vivo than In vitro. 

The present Inventors oonaidered that ttie lower activities In vivo are attributable to chemical Instability 
of the compounds in vivo and have prepared and studied carboeycllc nucleosides. 

Carbocyellc nucleosides have a structure such that tiie oxygen atom of tiie ettier moiety of tiie sugar ta 
10 substituted by a carbon atom, and by this substitution, It Is expected that the glycosfdie linkage will be 
stabilized, whereby tiie chemical stability in vivo wilt be Improved end tiie stability against an enzyme such 
as phosphorlbosyl transferase will be improved, artsteromycine and neplanocin are known as carbocyctfc 
nucleosides. However, heretofore, fiuorine<ont8ln)ng carbocyellc nucleosides have not been known. 
The present invention provides a 1j8-sub8tituted-2-hydraxy(or un8ubstttuted}-3(or 4)-fluoro-4/S-hydrox:* 
f 6 ymethyl cyclopentane derivative having tiie formula* 




20 wherein B is a residue of a nucleic add base, an azkio group, an amino group or an amino group protected 
by a protscting group; is a hydrogen atom or a hydroxyf-protecting group; and X ia a hydrogen atom or 
-OR? wherein is a hydrogen atom or a hydroxyl-protectfng group, provided that the fluorine atom F Is 
present at tiie So-, 3^-or 4a-posItion. 

In tiie present Invention, In tfie chemical structure a bond extending upwards from a vertex of the 

^ pentagon 0-e. tiie cyclopentane ring) represents a /9<onfIgurBtion, and a bond extending downwards from a 
vertex of ttie pentagon repreaents an «rconfiguration. A bond represented by a wave Qne (/\Ayv) 
represents eitiier o-or /^-configuration. Thus, In tiie formula I, each of subatituant B and -CHaOR^ Is fxpesent 
at ttie j8-positf on. For tiie purpose of tiie present invention, ttie position on tiie cydopentane ring at which 
substituent B Is bonded Is ctesignated as tiie Imposition, and likewise tiie position at which -CHtOR^ Is 

^ bonded Is designated as tiie 4-posltion. This designation corresponds to ttie posttionai designation of 
pentofuranose, and does not necessarily follow tiie standard nomenclature. However, the compounds In ttie 
Examples given hereinafter were named Individually, and ttieir names do not necessarily follow ttie above* 
mentioned positional deslgnatioa in tiie formula I., the fluorine atom F is located at tiie 3-or 4^o8ttioa 
When it ia located at tiie deposition, It takes ttie cror iS-oonflguration, and when it le located at ttie 4^08ltion. 

^ it takes tiie orconfiguration. X takea tiie o-or ^-configuration at tiie 2-posi0on. 

A compound of ttie formula I wherein B Is a residue of a nucleic add base and which has no protecting 
group (l.e. is a hydrogen atom, and X is a hydrogen atom or a hydroxyl group) is a carbocyellc 
nucleoside foe ttie purpose of tiie present Invention. A compound of ttie formula 1 wherein B is a residue of 
a nucleic acid base and which has at least one. protecting group. Is a carbbcycdc nucleoside protected by a 

^ pratBcting group, which can be converted to tiie above carbocyclic nudeodde by removing the protecting 
group therefrom. When B la ottier ttian ttie residue of a nudeic add base, such a compound la useful aa a 
precursor for the preparation of the above carbocyellc nucleoside. In particular, a compound of ttie fbrmula 1 
wherein B Is an amino group can be converted to tiia one wherein B Is ttie residue of a nucleic add base. 
The compound of the formula 1 wherein B Is an azido group Is useful as a precursor for ttie compound of ! 

60 ttie formula 1 wherein B Is an amino group. The azkio group can readily be converted to an amino group. A 
compound of ttie formula I wherein 6 Is an amino group protected by a protecttng group Is a useful 
compound for ttie fluorfnating reaction or the reductfon reaction aa mentioned hereinafter in ttiat tiie amino « 
group Is protected so as not to react during such a reaction. Aa ttie amlno-protecting group, an acyl grotip ; 
or an aOcyl group is suitable. Particularly preferred are a benzyl group, an acetyl group, a benzoyl group \ 
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end a pivafoyt group. 

When or is a hydroxyhprotscting group, H may be a known hydroxyl-protocting group. For 
^exQmpla, It may be a trforganosflyl group (tho organic group may be alky I. aryl or aralkyi), an acyl group or 
an aralkyi group. The aryl group or thG aralkyl group may have a substltuant such as an alky! group or an 
s altoxy group on Its aromatic nucbus. The three organic groups bonded to the sflloon atom of the 
triorganosilyl group' may be the same or dlKerent 8pectficaNy, the hydroxyHirotectrng group may be a 
trfmethyiflilyl groupi a trfethytailyl group, a t-butyldlmethylsllyl group, a phenytdlmethyldiyi group, an acetyl 
group, a benzoyl group, a benzyl group, a trityl group^ a dfmethocytrttyl group or a monomethoxytrityl 
group. Furtiier, In ^me cases, an alkyi group may be used as the protecting group. As such an alkyi group, 

TO a lower alkyi group, particularly a methyl group, is suitable. 

tn the present Invention, the nucleic acid base may be a nucleic add base or Its derivative or a nucleic 
add base analogue. The nucleic add base or its derivative Includes a prine or pyrimtdlne which may have a 
sutistituent. Its residue B Includes a &*pur]nyl group and 1»pyrfmldlnyl group, which may have a substttuent 
The substltuent Indudes an amino group, an oko group and a methyl group as well as other substituents 

^18 such as a halogen atom, an alkyi group, a haloalkyi group, a hMovinyl group, an aikoxy group, a 
hydroxyalkyl group, en alkylamino group, a dialkylamino group, an scylamino group, a meroapto group, an 
alkylthio group, a cycloalkyi group, an aryi group, an aryloxy group and an araikyi group. Here, the halogen 
atom Includes fluorine, chlorine, bromine and Iodine. The same applies hereinafter, unless othen/vlse 
specified. Such a substttuent may be attached at at least one of the 2-. 9*and S-posRIons (n the case of 

so purines and at least one of the 2-, 4-and 5-p08ltlons In the case of pyrlmldlnes. Further, an amine oxide Is 
useful in which an oxygen atom Is bonded to a nitrogen atom of the ring. Specific examples of such a 
substituted purine include, for example, adenine, guanine, hypoxanthlne, xanthine, 2,6<llamlnopurine, 6- 
halopurihe, 2-halopurine. 2,&'dfhalopurine, Q-alkylamlnopurlna, S-acyiamlncpurine. adenine 1«o)dde and 
adenine 7«oxlde. Likewise, specific examples of the substituted pyrimldlne Include, for example, uracil. 

3S cytostne, thymine, S^halouradl. S^alomethyluradl, 54uilothymIne, Malomethyithymlne and 5-^-bromovlnyl- 
thymlne. A preferred nudeic acid base or its derivative Is a 2-and/or 8*sub8tltutsd purine pr a 2,4-or 2*4,5« 
substituted pyrimldlne. Particularly prefenred are adenine, guanine, hypoxanthlne, xanthine, 2-hak)adenine, 
N^substltuted adenine, 2.6-dlaminopurine, G-halopurine. 2.6-dihalopurrne. uracil, cytosine. thymine and 5- 
halouracil* 

so In the present Invention, the nucleic acid base homoiogue means a heterocyclic compound having a 
ring corresponding to a purine or pyrimldlne. or Its derivative, its residue B is meant for a rsskiue having a 
bond at the position corresponding to the 9-positton of the purine or the 1-position of the pyrimldlne. As 
such a heterocyclic compound, the one commonly Icnown as an analogue of a nucleic add iMse Is 
preferred. Bpeclflcady, a heterocyclic compound obtained by replacing at least one of nitrogen atoms in the 

39 purine or pyrimldlne ring by a carbon atom or by a heteroatom other than a oltragen atom, or by replacing 
at least one of carbon atoma in the ring by a nitrogen atom or by other heteroatom, or by conducting both 
of such replacements, Is preferred. More preferred are a heterocyclic compound obtained t)y repledng one 
nitrogisn atom (particulariy a nitrogen atom at the 1% dror 7-positlon) of the purine ring i}y a cartson atom or 
by an oxygen atom, a heterocyclic compound obtained by repladng one cabon atom (particulariy a cartson . 

40 atom at the 2; &or deposition) In the purine ring by a nitrogen atom and a heterocyctio compound obtained 
by conducting both of such replacements (l.e. by replacing one nitrogen atom by a carbon atom or by an 
oxygen atom and by replacing one carbon atom by a nitrogen atom), likewise, with respect to the 
pyrimldlne, a heterocycilc compound obtained by replacing the nitrogen atom at the deposition by a carbon 
atom or by replacing the carbon atom at the 5<or B^osltlon by a nitrogan atom, Is preferred. The derivative 

4$ of such a heterocyclic comound i.8 a compound having the ssme substitusnt as m«itloned above 
Introduced. Particularly prefenred as the substltuent Is an amino group, an oxo group, a halogen atom or a 
methyl group. The speclfte compound Includes, for example, 

5-amlno-3,6-dIhydro"7H-1,2,3-tri3zlne[4,6-dIpyrim1dln-7-one (the first chemlc^ stnicture In the following list 
of structures) which Is a guanine analogue. Specific examples of the residue of such a nucleic acid base 
60 analogue are shown below. IHowever, the residue of such an analogue Is not limited to such specific 
examples. In the bracket betow each chemical fbrmuta, the conv4X)ndIng nucleic acid base is todteated. 
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(guanine) 
NH. 

( adenine ) 




(adenine) 



NH. 

(adenine) 
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NH 
( adenine ) 
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The compound of ifie fdrmula I of the present Inventton can be prepared by varioue proceesee* The 
basic method Is the fluortnatlon at the 3-positlon. Nametyi a fluorine atom Is Introduced to the 3-positlon by 
fluorlnatlon of a compound having a hydroxy) group at the 3-po8ltlon or by fluortnatlon of a 2,a^poxy 
compound. A compound having a fluorine atom at the ^-position Is produced simultaneously during the 
fluorination of the compound having a hydroxy! group at the 3-po^fion. By the fluorinatlon of a compound 
having a hydroxy! group at the 3-posIl!on or a 2,3-epoxy compound, the fiuoi^e atom Is usually Introduced 
to the 3-po8ltlon to take a etarto position where no oxygen atom exists. For example, firom a 3iS-hydroxy 
compound, a So^fluoro compound will be obtained likewise, from a 2a,9a-epoxy' conrtpound. a 3/B*fluoro 
compound will be obtained, and from a 2/9,3j9-epQxy compound, a 3crfluoro compound will be produced, tn 
the fluortnatlon of the latter two epoxy compounds, a hydroxy! group (or Its derivative group) will be formed 
at the apposition, and Its stsric configuration win be trans to the fluorine atom at the d-posltion l.e. the same 
configuration as ttis oxygen atom of the epoxy group In the starting epoxy compound For Instance, from a 
2A3j9-epoxy compound, a 2i9-hydroxy^3brfluoro compound will be fdnned, and from a 2a,3crepoxy 
compound, a 2arhydroxy-3/}-fluoro compound will be formed. 

A compound of the formula i wherein X Is a hydrogen atom may preferably be prepared from a 
compound having a fluorine atom at the 3-or 4«po8ltlon and a hydroxyl group at the S-posltlon (this starting 
material itself Is a compound of the tonnula I) by converting the hydroxyl group at the 2i)08}tion to a 
hydrogen atom. The reaction to convert the hydroxy! group to a hydrogen atom Is basically a reduction 
reaction, and this reaction will be hereinafter refenred to as a reduction reaction. Otherwise, the same 
compound can be produced likewise from a derivative having a bromine atom at the 2«po8ltion by 
converting the bromine atom to a hydrogen atom. 

In the above-mentioned fluorination reaction, If a hydroxyl group la present at a position other than tiie 
3*pos!tion. such a position Is likely to be fluorlnated. Accordingly, ttie hydroxyl group at a position which is 
not desired to be fluorinated. Is preferably protected during tiie fluorination. Ukewlse. In the above' 
mentioned reduction reaction, a hydroxyl group at a position which should not be reduced Is preferably 
protected. On the ottier hand, when a compound of the tonnula I wherein B Is a residue of a nucleic acid 
base Is fluorfnatod, It Is likely that ttie residue is attacked by the fluorinating agent and a byproduct will be 
formed. Aocordlngly, In the fluorination reaction stage, the compound to be fluorinated pref^abty has no 
residue of a nud^c add base at the 1 -portion. However, this Is not an essential requirement For example, 
It Is possible to fluorlnate a 2,3-epoxy compound having a residue of a nucleic acid base at ttie 1 -position to 
obtain a corresponding 3-Iluoro compound. Furtirer, tiie residue of nudelc acid base may be present at the 
Imposition during tiie reaction tor reducing ttie hydroxyl group at tiie 25>osltion. If necessary, a functional 
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group auch as an amino group In the residue of a nucleic acid base can suitably be protected during the j. 

fluortnatlon or reduction of such a compound having the residue of a nucleic add base. ^ 

Various conventional methods may be employed to convert an amino group at the 1*posltion of the 

compound of the fdrmula I to a residue of a nucleic acid base. For example, a method disclosad In \ 

B literatures (8 Daluge et al. J. Org. Chem.. 43, 2311 (1878). YJF. 8healy et al« J. Am. Chem. Soc.. 81, 3075 « i 

(1989), yj^. Shealy et al, 4. Heterocycltc Chem.. 13. 1018 (1876)) may be employed. According to this t 

method, for example, fn the case of adenosine, 5*amIno-4,8HllchtoropydnUd]ne and a compound of the [ 

foHDula I wherein each of and Is a hydrogen atom and B Is an amino group are reacted to obtain a ^ [ 

diamlnopyrlmldlne derivative, which Is then reacted with ethyl orthofomnate to tbrm a purine nucleus. The [ 

TO chlorine atom at the 8^ltion of the purlrte ring can be treated with ammonia fbr conversion to adenosine. [ 

Further, a residue of a nudeic actd base at the l-positfon can be converted to other residue of a nucleic | 

add base. - { 

The following Processes A to C are preferred fOr the production of derlvatfvea of the fomrtula I by means p 

of the above basic methods. Th€t first step In each of Processes A and 6 is fluortnatfon, and the first step In [ 

78- Process C Is reduction. A product^havlng no residue of a nucleic add base at the liS-positlon Is subjected \ 

to a reaction fbr Introducing a residue of a nucleic add base. The second step In eabh of these processes t 
Is the reaction for Introducing a residue of a nudeIc acid base. In the following fbnmulas, represents the 
reskiue of a nudeic add base. Ail of the products of the fbrmulas 1-1 to h6 are compounds f^iOng within the 

scope of the formula I. I 

1 

I 

t 

i 



Process A 




I 
t 

i 
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Process A 



The compound of the fbrmuia W \a a 1/S-8UbQt{tut8d-2a,3/Mhydroxy*4*hyd^oxym0tfiy1 cyctopentans 
dertvattve (hereinafter referred to also as a cyclopentane trlpl dertvsttve). at the l-posftion (a an azido 

8 group or an amino group protected by a protecting group. Partoilflrfy prsfened are an asldo group and an 
amino group protected an acyt group. and are hydroxyf-protectrng groups. These protecting 
groups may be those mentioned above. 

Y may be a hydrogen atom. In such a case, however, the removal of ti^e hydroxy! group bonded at the 
3-posltlpn and the subsequent fiuodnatlon at the 3-or 4-po8ftlon are not necessadly easy, and It will be 

TO Important to select the fluorlnating agent property. Namely, as will be described hereinafter, when a metal 
fluoride or a quaternary ammonium fluoride la used as the fluorlnatlng agent, If Y Is a hydrogen atom, the 
removal of -OY tends to hardly adeqciatel/ proceed, and (t Is advisable to convert Y to an act^e group {l.e. 
an active group capable of facKltatSng the removal of «0Y) such as a suffonyl group, before the removal. 
When the fluorlnatlng agent is an amino sulfur fluoride type fluorlnatlng agent, ^e removal can be made 

re even If Y Is a hydrogen atom. However, Y may be converted to an acfiva group for removal such as a 
trlorganosflyl group, so that the removal can further be facilitated. 

When the cyclopentanetriol derivative of the formula U Is fluortnated with a fluorlnaBng agent. -OY Is 
renrioved and a fluorine atom la Introduced at the ^ 4-posWon. The fluorine atom Introduced at the 3- 
position tafcas an o-conl^guratlan. The product (a usually a mixture of a 94imro derivative and a 4-ffuoro 

20 dertvatlvs. From ^is mixture, the 3-fluoro dertvattve and me 4-fluoro derivative can readily be separated. 
Under a usual fluorlnation reaction condition* tiie production ratio of ttie 3*fluoro derivative to ttie 4<^uoro 
derivative le usually within a range of from 1:8 to 8:^ Depending upon the particular purpose, It Is pos^biB 
to control the reaction condition to Increase the production ratio of one of the derivatives. The 3*fluofo 
derivative and tiie Muoro dertvattve can be aeparated based on the dlfforenoe In tiielr physical or chemical 

^ properties. For example, they can readily be separated by e.g. column chromatography. The separation of 
tiie 3-fluoro derivative and tiie 4-fluoro derivative may be condxted at an optional atage after tfie 
fluorination. For example, ti^a separation can be conducted at the stage of tt^e fluorination prior to tiie 
Introduction of a residue of a nucleic acid base, at a stage after tiie removal of the protecting group, at a 
atage during tfie Introduction of a nucleic add base or at a stage after tfte Introduction of a nucleic add 

so base. 

When ttte fluorination la conducted after activating tiie hydroxyl group at the 3-posltion, tiie hydroxyl 
group at the 3-posltion Is converted to an active group (Y). For example, as such an active group, a sulfonyl 
group such as a methanesulfonyf group, a trifluorometiianesulfonyl group, p-toluenesuifonyl group or an 
Imidazotylsulfonyl group and an ace^ group may be mentioned. A trtfluorometiianesulfonyi group has a 

38 particularly high active property and can t>e used as a preferred active group. In tills casei a known 
fluorinatfng agent such as a fluoride of a metal such as potassium or a Ruoride of a quaternary ammonium 
may be.used as tiie fluorinaUng agent. Parifcutariy prefened fa a tetraatkyl(or araficyOammonium fluoride. As 
tiie alkyi group, a lower alkyi group Is suitable, and aa tiie aralkyi group, a benzyl group Is aultable. The four 
alkyl or aralkyi groups may be tfie same or different, and tiiey may be a mixture of alkyi and aralkyi groups. 

40 it is preferred to use tetrabutyfammontum fluoride. 

The fluorination Is (dually conducted In an Inert solvent such as tetrahydrofuran or acetonltrile at a 
temperature of not higher tiian a few tens degree in centigrade. It Is particuiariy premrred to conduct tiie 
reaction at a temperature of from -TO'C to room temperature, 

ft la also poaslble fo conduct tiie tiuorination whOe maintaining tiie hydtoxyl group at tiie 3-position as it 

48 Is or after converting It to a trimetiiylsllyl group or a trietiiylsliyl group aa an active group (Y). As tiie 
fluorinating agent In this case, an amino sulfUr fluoride type fluorinating agent Is used This fiuorinatfng 
agent is a compound of tfie following fomnula V or VI having a >N-SF group. 



a1 



2^-N-SF3 (V) 



aV^ 2 N^S 



(VI) 
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The compound of the fomiula 1 Is oxidized to form an epoxidt (a compound of the fomiula 2 wherein 

is a hydrogen atom). As the oxidizing agent, an organic peroxy cart)oxyUc add such as performtc acid, 
peracetic acid or m-chloropertsenzolc add. or t-butyfhydroperoxfde or other peroxide may be used, fn order 
to conduct the epoxidatlon. atereospecificallyi >t Is partlculariy preferred to use a metal catalyst such as 
molybdenum hexacarbonyl/bbutylhydroperoxlde or vanadyfacetyl acetonateMutylhydroperoxIde. Further. In 
order to obtain an asymmetric epcncide. it Is also possible to employ (*(*)-dlmethyl or dilsopropyl tartarate* 
titanium tetralsopropoxide/l^butylhydroperoxide. 

Then, the hydroxyl group is protected; As the protecting group, a methyl group, a benzyl group, a trityl 
group or a H)utyldlmethyisiiyi group Is preferred. Particularly preferred Is a benzyl group. 

Then, the epoxide of the formula 2 Is subjected to ring opening fn the presence of a redudng agent to 
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wherein each of AS A^ A^, AS A^ and A^ which may be the same or different Is a monovalent organic group, 
or A^ and M A^ and AS or A> and A^ fbrm together with the adjacent nitrogen atom a heterocyclic ring. 

In the above formulas V and VI each of A^ to A< Is pref^reb^ an alkyi groups a cydoalkyl group, an aryt 
group or an arali<yl group. Or, It Is prsferred that Ai and M As and AS or A" and A' fbmi together with the 

6 .adjacent nitrogen atom a 5-7 membered nitrogen-containing heterocyclic group, particularly a 5-6 mem** » 
^^rad non-aromatic heterocyclic group having one nitrogen atom or one nitrogen atom and one oxygen 
atom. Specifically, the compound of the fdmnuia V Indudes dimsthylamlnosulfur trtfluoride, drethylemlnosul- 
fur trifluorlde. dllsopropylamlnosulfur trifluorlde, plperldlnosulfur trifluorfde and morpholInosuHur trifiuorlde. ^ 
Likewise, the compound of the fomiula VI Includes bfs(dImethylamlno)sulfur difluorfde. bl8(d(ethylamlnoh 

ro sulftir dfRuoride, dmethyiamfnodlethylamlnosulfur difluprtda and.dlethylamlnopfperfdinoeulfur difluortde. Par- 
ticularly preferrsd fluorlnating agents are those represented by the above formula V euch as 
disthylarnlnosutfur trifluorlde and piperfdlnosulf^r trifluorlde. \ 

In this case, the fluorlnation reaction is usually conducted in an Inert solvent. As such a solvent, an 
aliphatic hydrocarbon solvent such as hexane or pentane.jan aromatic hydrocarbon solvent euch as 

15 benzene. or toluene, or a halogenatad hydrocarbon solvent such as 1.1.2-trichloro-li2;2«trffluoroethane. 
dichtoromethane, chloroform or carbon tetrachloride, may suitably be emptoyed. However, the solvent Is not 
restricted to such specific examplea Preferably, l,l,2-tr{chloro*l.2,2-trtfiuoroethane or dichloromethane Is 
employed. 

The fluorlnating agent Is used usually in an amount of from 1 to 10 equivalent relative to the substrate, \ 
so although there Is no particular restriction as to the amount of the fluorlnating fi^ent to the substrate. The I, 
rsaction temperature Is usually within a range of fiiom about -78 to the reffuxing temperature of the \ 
solvent. 1 
The cyclopantanepolyol derivative of the fonnula II is required to be prepared etereospeclflcally. I 
Further, hydroxyl groups other than the hydroxyl group at the 3i)b8ltIon must selectively be protected so I 
25 thai they wUl not be affected by the fluorlnatbn reaction. For these reasons, the cydopentanepdyol \ 
derivative of the formula II should preferably be prepared by the foifowing route. The compound of the j 
formula 1 is a compound known in literatures (S.B. Jorgnsen et at, Acta Cheinlcal Scandinavica, 20, 2192- ] 
2184 (1866), A. Maercker et af. Chem. Ber., lOg^ 773*797 (1973), H. Paulsen et al. Chem. Ber., 114, 348* 
358(1881). . 



(1) (2) (3) 
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form a cyclopentena alcohol (a compound of tho forartula 3 wherein R^^ la a h/drooen atom). As the ring 
. opening agent for the epoxide, an organic selenium compound auch as dlphenyldiaelenlde 1$ used. The 
organoaeleno group thus Introduced can readily be converted to a cyciopentene aloohol (a compound of the 
Ibrmula 3 wherein B}^ \$ a hydrogen atom) by an oxidizing agent such as a 30% hydrogen peroxide 
8 aolutioa -' 

Then» the hydroxy! group at the 3-po8ttton ia protected. As the protecting groups a trlmethylsllyl group, a 
triethyWIyl group, a t-butyldinnethy(silyl group or a t^xityldiphenylaliyl group Is preferably employed. For the 
subsequent stap^ It Is particularly preferred to employ a aterfeatly bulky t^mtyldlmethylsilyl or tHbutyl* 
dlphenylsilyl group. 

ro Then, the 1»2-olefinic double bond Is epoxldlzed. As the oxidizing agent, a peroxycarboxyllc acid such 

as peracetic acid or m«chloroperbenzo(c add ia suitable. By virtue of the sterlc effect of the hydroxyl- 

protectlng group at the 3-po8ition employed for the compound of the fbrmulfr 3, the resulting epoxide will be 

a 1a»2crepoxycyclopentand derivative. 

Then, the fomned epoxide is converted to an amino alcohoL For this ring-opening reaction of the 
IS epoxide, sodium aztde is used. The azido group Is Introduced to the 1-poaitlon, while the hydroxyl group at 

the 2<po8lt!on is protected. As the protecting group, a methyl group or a benzyl group may be used, it Is 

preferred to employ a benzyl group. Then, the hydroxyl-protecting group at the 3*po8ltlon Is removed. For 

the removal of the protecting group, a tetraalkylammonlum fluoride, preferably tetrabutylammonlum fluortde. 

or cesium fluoride Is used, to obtain an. azIdo cydopentanepolyol derivathre (when is azIdo and Y Is a 
80 hydrogen atom In the formula 6, the formula 5 agrees to ttie formula II). 

Otherwise, the epoxide can likewise be converted to an amino aloohol by reacting It with aoetonftrlle In 

the presence of a boron trifluorfde-ether complex, followed by ecetylaiion. 

As mentioned above, by fluorinatlng a cyclopentane polyoi derivative of the fdrmula il with a fluorlnating 

agent, the removal, of the OY group and the introduction of the fluorine atom take place. When a fluorine 
as atom Is introduced at the dimltton. the fluorine atom wIU be bonded to a side stertcally oppoalte to the OY 

group. The reason for the introduction of a fluorine atom at the 4-po^tlon may be such that the 4«po8ltk)n Is 

activated by the removable property of the OY group at the 3i)osltloa 

Then, the removal of the hydroxyi-protectfng group or the reduction of the azido group will be 

conducted. It Is particularly pretended to conduct both reactions simultaneously. This can be done by adding 
90 hydrogen (n the presence of a paltadlum-carbon catalyst The amfno diol thus obtained (a compound of the 

fomnula t-t wherein each of and RP Is a hydrogsn atom and is an amino group) Is then subjected to 

the fbrmatlon of a residue of a nucleto acid base as described hereinbefore. 



OS Process B 



'* Process B is a method for fluorinatlng the 2.3-epoxy compound of the fom\ula III. is an aztdo group, 
an amino group protectsd by a protecting group or a residue of a nuctolc add base as mentioned above. 
When R> Is a residue of a nucleic add base and the residue has a highly reactive fOnctlonal group such as 

40 an amino group, such a functional group Is preferably protected by a protecting group. FP is a hydroxyl- 
protecting group, which is preferably as described above. As the fluorinatlng agent, a hydrogen fluoride 
type fluorinatlng agent Is preferred to the above described amino sulfur fluoride type fluorinatlng agent. As 
such a hydrogen fluonde type fluorlnating agent, an anhydrous hydrogen fluorkle-organlc base system may 
be erhployed, or. anhydrous hydrogen fluoride may be used alone. As the organic base, a primary aikyi 

4S amine, a secondary alkyt amine or tertiary alkyi amine may be mentioned, wherein the alkyi group may 
profbrably be straight chained or branched wifli from 1 k) 10 carbon atoms. It is also possible to employ a 
cyclic amine such as pyn'olldlne, piperazlne or morpholine or an. organic amine such as aninne, N.l^ 
dtmethylanillne, m-phenylene diamine, pyridine, melamtne, 1,3,5-triazlne. cyanuric acid, cyanuric chloride or 
2.4.6-trlphenyl-l.3t5-tria2lne. The equivalent ratio of the organic base to anhydrous hydrogen fluoride may 

so be optloncaiy selected within a range of from 0 to 100%, preferably from 1 to 50%. 

As the solvent an aliphatic hydrocarbon solvent; en aromatic hydrocarbon solvent or a halogenated 
solvent such as dichloromethane, chloroform, carbon tetrachloride or 1,1,2^chloro-1,2.2-trifluoroethane 
may be used. It Is preferred to employ a halogenated solvent 

The reaction temperature may be from •lOO^C to the refluxing temperature of .the solvent It Is 

56 preferably from 0*0 to room temperature. 

The compound of the fomiula III is a known compound (S.Daluge, a Vlnce, J. Org. Ghem.. 43^ 2311 
(1978), which may be prepared stereospedflcaily. It may be prepared by epoddlzing a known carbocydlc 
type nucleoside (e.g. the above-mentioned arlstoromyclne: J.Q. Mofl^ et al. J. Am. Ghem. Soc.. 83, 4025 
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(1976)). 

When 9f In the formula (II Is other than the residue of a nucleic add base, It.is preferr^ to Introduce a 
residue of a nucleic acid base after the fluorlnation. In such a case, la preferably an anntno group 
protected by.an acyl group such as an acetamtdo group, or an asldo group. After the fluorlnatlon, this fa 
converted to an amino group, which la then converted to a residue of a nudete add base In accordance 
with the method described hereinbefore. The removal of the hydroxyl-protectlng group may be conducted 
simuitaneoualy or subsequent to the conversion of to an amino group. 



19 
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10 Process C 

In the fbrmula IV Is an azido group, art amino group protected by a protecting group or a residue of 
a nucleic acid base. When R^ is a residue of a nucleic acid base, the (linctlonal group In the residue such 
as an amino group Is preferably protected by a protecting group. R^ Is a hydrox^'protecting group, which 
may suitably be as described above. Z Is a hydroxyl group, an activated hydroxyl group as mentioned 
hereinafter or a bromine atom. 

Z may be a hydroxyl group. However, In such a case, a relatively strong reducing agent will be 
required, and the *0R' group may also be thereby affected. Therefore, Z is preferably a readily reducible 
group. For this purpose. It Is preferred that a reacting agent is reacted to the hydroxyl group to convert Z to 
an activated hydroxyl group before the reduction. As such a reacting agent, N.N'-thlocarbonyl dllmidazole. 
phenylchlorothlonocarbonate or NK-dlmethytbenzamlde-phosgene-hydrogensulffde (D.H.R, Barton et al, 
J.C.8. Perkin (1975) 1574) may be employed. As the reducing agent, .tributyltinhydrlde or trlphenyltin- 
hydride may be employed.. It la also posslbto to convert the hydroxyl group to a m^rlfluoromethylbenxoyl 
and then selectively removing the hydroxyl group by Irradlafion with 1^ (T. Matumura et al, J. Am* Chem. 
8oc.. (1986) 108, 31 15). This reduction reaction is conducted usually In an Inert solvent such as benzene or 
toluene within a temperature range of from O^C to the refluxing temperature of the solvent preferably within 
a range of from room temperature to I^O^'C* Aa a reaction initiator, it la prefenred to employ N,N- 
azoblslsobutyronltrile or benzoyl peroxide. 

The compound of the formula IV corresponds to a compound of the formula I of the present invention 
having a hydroxyl group at the 2-posltton. Accordingly,, this starting material may aultable be the one 
produced by the above-nnentloned Process A or B.' When R^ is not a residue of a nucleic acid base, It Is 
preferred to introduce a residue of a nucleic acid base at the l-posltlon after thte reduction. In such a case, 
R^ Is preferably an amino group protected by an acyl group such as an acetamldo group, or an azido group. 
After the reduction, R^ is converted to an amino group, and then converted to a residue of a nucleic acid 
base In accordance with the above*mentloned method. The removal of the hydroxyl group may be 
conducted simultaneously or subsequent to the roactton to convert R^ to an amino greup. 

^kw, the present invention will be described in further detail with reference to Preparation Examples 
and Working Bcamples. However, It should be understood that the present Invention is by no meana 
restricted by these specific Examples, in these Examples, the positional numbere for the substituents were 
determlnecffor Indlvisual compounds, and they are In some cases different from the positional numbere In 
the foregoing description (namely, In some cases, the above-mentioned 1-position is designated as the 4^ 
position, and the above-mentioned 4-position Is designated aa the imposition). 

.The fbllowlng Preparation Examples descrfbe the preperatbn of the above<mentloned compounds 1 to 5 
Le. the derivatives of the formula II. R^ In the compound 6 Is an azido group. 

Example 1 shows the fluorlnatlon at the 3-and 4-postttons in accordance with- the above-mentioned 
Process A and the subsequent conversion of the azido group at the 1 -position to an amino group. It further 
Includes the convereion of the amino group to an adenyl groupi 

Examples 2 to 10 illustrate the conversion of the amino group In the derivative obtained in Example 1 
Wherein the 1-posltion Is an amino group, to various residues of nucleic add bases and the convereion of 
one residue of a nucleic acid base to another. 

Example 11 Iltustartas the fluorlnatlon of a derivative of the fonmula III wherein R? la an acetamldo group 
and the epoxy group takes a i9-conflguretlon, In accordance with Process B, and Example 12 illustrates the 
conversion of the acetamldo group of the product to an amino group and the further conversion to an 
adenyl group. 

Examples 13 to 20 Illustrate the conversion of the amino group of the derWative obtained in Example 12 
wherein the 1-position is the amino group, two various residues of nucleic add bases and the oonveralon of 
one residue of a nuciaic add base to another. 

Example 2t illustratea the fluorlnatlon of a derivative of the fonmula Hi wherein R> la an adenyl group 
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and ttie epoxy group takes an cpconflguratlon, (n acoordance with Procaas B. 

Bcampla 22 illustrates the reductfon of the hydroxy) group at the 2-po.sltlon of the derivative obtained in 
Example 1 wherein ta an adenyl group and the fluorine atom takes a 3a-conf!ourat(on. In acoordance with 
Process a 

9 Bcample 23 IKu^trates^a case wherein a fluorine atom Is introduced at the aiSOsWon and a bromine 
atom la bttroduced at the 2<position using a known compound as the starting material (the Imposition Is an 
aoetamldo group), and then ttie bromine atom at the 2H)osHlon was converted to a hydrogen atom. 

Example 24 illustrates a case wherein the hydroxyl group at the 2-p08ltlon Is reduced by using ttie 
product of Example 11 as the starting matertsi wherein ttie Imposition is an aoetamldo group. In acoordance 

10 witti Process C. The product ttius obtained Is ttie same as ttie product of Example 23. 

Example 25 illustratss the conversion of tiie aoetamldo group at ttie - 1-positton of ttie product of 
Example 23 or ttie product of Example 24 which Is ttie same compound as ttie product off Bcample 23« 

Bcamples 26 to 30 lliustrate ttie conversion of ttie amino group of ttie product of Bcample 26 to various 
residues of nucleic acid bases. 

fS 

PREPARATION EXAMPLE 1 

(1) Preparation of 2jg.3i3'epoxycyclQpentene-1''j8-mettianol ^ compound of ttie fonnula 2 wherein £ js a 
20 hydrogen atom) 

A solution In benzene (20 ml) of ^0 g (20 mmol) of 2-cyclopBntene mettianoi was added to a 
suspension In benzene (80 ml) of 0.16 g (0.6 mmol) of molybdenum hexacarbonyl and 3,0 g (30 mmol) of fr 
butyttiydropen^de, and ttie mixture was refluxed for 1.8 hours uncier heatfng. The reactton mixture was 
2S cooled, ttien treated with a aaturated sodium sulfite aqueoua solutton and extracted witti ettiyl acetate. The 
organic layer was dried over anhydrous magnesium sulfate, ttien concentrated and purified by column 
chromatography to obtain 1.6 g (yield: 70%) of an epoxy alcohol. 

<HNMR (CDCb): a0.8-1.4(m. 1H), 1.4-2.5(m, 5H). 3.58(brs, 2H). 3.78(d, J«6.5hz, 2H) 

(2) Preparation of 2^.3^-epoxy-1 jg-cyclopentanemettiyl benzyl ettisr ^ compound of ttjo fomiula 2 wherein 
R^ isa bsnzyl flroup) 

5.7 g (0.13 mol) of sodium hydride (55%; was suspsnded in tetrahydrofuran (90 mi), and cooled to O^C. 
05 Then, a aolutton in tetrahydrofuran (40 ml) of 12.32 g (0.11 mol) of the epoxy aloohol obtained (n 
Pr^paratton Example (1). was added thereto. The mixture was sttrred at room temperature for 30 minutes, 
and ttien 25.9 g (0.15 mol) of benzyl bromide was added. The mixture waa reacted for 30 minutes under 
reflux. The reaction mixture was treated In a usual manner to obtain 21^ g (yIeU: 89%) of benzyl etfier, 
» HNMR (CDCb): W.8-1 .5(m. 5H), 2.4-2.7(m. 4H), 3.62(s. 2H), 7.44(8. 5H) - 

40 

(3) Preparation of 2g'hydroxy'3<vctopenten»'1^^mettivl benzyl ettier (a compound of ttie fbnnula 3 
wherein R* Is a benzyl group and R^ Is a hvdrooen atom) 

48 33.3 g (0.11 mol) of diphenyl diseienlde was suspended In ettwnol (131 ml) and cooled to 0<*(X Then, 
0.07 g (0.21 mol) of sodium borohydride was gradually added thereto. The mixture was stfn^d at room 
temperature for 30 minutes, and a solution in ettidnol (15.6 ml) of 21.7 g (0*11 mol) of the epoxide obtained 
In Preparation Example (2) was dropwlse added over a period of 43 minutes. The mixture was refluxed for 1 
hour under heating, and tiien cooled, and 114,5 ml of a 30% hydrogen peroxide waa dropwlse added. The 

50 reactton temperature was controlled at a level not exceeding 15*0. After ttie completion of the reaction, ttie 
reactton mixture was treated In a usual manner to obtain 6 J g of ttie above Identified product 

'HNMR (CDCIa): 62.0-2.7(m. 4H), 3.6-3.8(nfi. 2H), 4.80(s. 2H). 4.6-6.0{m. 1H), 6.8-a2(m. 2H), 7.44(s, 5H) 
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. (4) Preparatton of 2^-'t-butvldimethy telioxy-a^vclopantene-l i^methvi benzyl ether , (a compound of the 
formula 3 whereiiT R^ la a benzyl group and R^^ Is a t-butyfdlmethvlsllvl group) 

To 6.58 9 (32.3 mmoi) of the alcohoi obtained (n Preparation Example (3), 5.8 g (38.8 mmol) of chloro-t- 
$ butyldlmethylsllane was added for sdylatlon. The reaction was conducted at 40"C for 1.5 hours. Then, ice 
water was added thereto, and the reaction mfxture was extracted wUh hexane. The organic layer was dried 
and concentrated, and then purified by column chromatography to obtain 8.82 g (yield: 85%) of a sliyi 
ether. 

1HNMR (CDCb): «0.18(s. 6H), 1,41(8. 8H), 2.3-2.7(m, 3H), 3.54.0(m, 2H). 5-14(d. J-1.8H2, 2H), 4.8*0' 
10 (m,1H).6^a.2(mr2H),7«50(s,5H) 



(5) Preparation of 2ig'»butyldlmethvl8lloxy^,4a-epoxycvclopentane^1jg'methylben2yl ether (a compound of 
the formula 4 wiiereln fl* Is a benzyl group and R^^ Is a t*butv(d[methvlallvi flroup) 
re " 

8.10 g (2a6 mmol) of the product obtained in Preparation Example (4) was diesotved In dlch- 
ioromethane (20 ml)^ and a suspension In dlchloromethane of 6.22 g (34.2 mmol) of m<ch!oroperfoenzolc 
acid was added thereto. The mixture was reacted for 2 hours, and then treated with a saturated sodium 
hydrogenaulfite solution. Then, the mixture was puriiied by column chromatography to obtain 7.6 g (yield: 
30 80%) of the above Identified compound. 

m NMR (CDCb): 20.18(8, 3H), 0.22(8. 3H). 1.00(8, 8H). 1.3-1^(m. 2H). ZMJ^m, 2H), 3.4-3.8(m, 3H). 
4.46(dls-tortod d, J -4.0H2. IH). 4.82{d, J •4.3Hz, 2H), 7.66(8. 6H) 



29 (9) Preparation ^ 4jg^azIdo^cr4^vdrQxy'2i^^butvi^dlmethyI8lloxycvcfopentane«1ig'methyl benzyl ether Ja 
compound of the Tormula 5 wherein R^ Is an azido group. R* is a benzyl oroup. R' ie a hydrogen atom and 

Y is a ^butvidimelhy^5^lv^ group) 

5.89 g (17.8 mmol) of the epoxide obtained in Pr^aration Example (5) was dissolved in water (20 ml) 
so and 2<methoxyeth8nol (60 ml). Then. 1.26 g of ammonium chloride and 6.08 g of sodium azide were added 
thereto, and the mixture was reacted at 76*C for 18 hours. After the completion of the reaction, the solvent 
was distilled off, and the aqueous sodium chloride solution was added. And the mixture was extracted with 
ethyi ether. The extract was purified by column chromatography to obtain 3.52 g of the above Identified 
purified product and 2.32 g of the starting material. 
88 'H-NMR (CDCb): a0.04(s, 3H). 0.08(8, 3H). 0.98(8, 9H)a-8-2.4{m, 4H). 3.3-3.8(m, 3H), 3.9-4.1(m. 2H). 
4.5-4.6(m. 2H). 7.3-7.5(m, 5H) 

(7) Preparation of 4i^azIdo^3ft'benzvloxv^2jg^»butvldlmethvls^oxycvclopenta^e^1a'^methvI benzyl ether (a 
40 compound of gielormula 5 wherein R^ Is an azido group, each of R* and R» Is a benzyl group, and Y Is a ^ 

butyldlmethylsllane group) 

3.52^ (9.3 mmol) of the alcohol obtained In Preparation Example (6) was added to a suspension In 
tetrahydrafuran (20 ml) of 0.49 g (11.2 mmol) of sodium hydride. The mixture was stlred at room 
48 temperature for 30 minutes. Then. 2.2 g (13.0 mmol) of benzyl bromide was added thereto, and the mixture 
was relluxed for 1 hour under heating. The reaction mixture was treated In a usual manner and purified by 
column chromatography to obtain 4.0 g (yield: 83%) of the above identified purified product 

'HNMR (CDCb): 50.00(s, 6H), 0.84(8. 9H). I5*2.e(m. 3H). 3.3^.8(m, 4H), 4M.2(m, IH), 4.4-4.8(m. 4H), 
7.40(e, 10H) 

80 

(8) Preparation of 4jg-azidQ^'benzvloxv'2i3'hydroxycycI(gentane'1^methYibenzvl ether (a compound of 
the formula 5 whsreln R3 Is an azido group, each of R* and ff Is a benzyl group, and Y is a hydrogen 
atom) 

88 

4.05 g (8.65 mmol) of the sllyl ether obtained In Preparation Example (7) was dissolved in 
tetrahydrofuran (15 ml). Then, a tetrahydrofuran solution of tetrabutytammonlum fluoride (factor a i) (28 ml. 
28 mmoi) was added thereto over a period of 40 minutes, and the mixture was stirred at room temperature 
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tor 2 hours. The solvent was distilled off, and a saturated ammonium chloride solution was added to the 
reaction nUxture. The n^re was extracted with chtorofdmn. The extract was purged by column 
Chronrmtography to obtain Z5B .g (yield: 88%) of the above Identified compound. 

^H-mH (CDCI3): ai.6*2.6(m, 3H), 2.8*3.1(m, 1H). 3.6-3^(m. 4H). 4.1-4.4(m. 1H). 4.5e(s, 2H). 4.72(8, 2H), 
8 7.44(s, 1H) 



EXAMPLE 1 

TO 1.84 g (5.22 mmol) of the alcohol obtained In Preparation Example (8) was dissolved In dlchloromsthane 
(15 ml), and 4.2 ml (52 mmol) of pyridine and 2.0 ml (18.0 mmot) of chlorotrlmethylsllane were added 
thereta The mixture was stinred at room temperature for 30 minutes, and then treated In a usual manner. 
The cnide product thus obtained was dissolved In dtchloromethsne (12 ml), and 1.0 ml (7.8 mmol) of 
pipertdlnoamlnosulfur trifluoride was added thereto. The nUxturs was reacted at 0*C for 1 hour. Then, 
fs triethylamlne (1 .2 ml) was added thereto, and the mixture was treated with a saturated potassium carbonate 
aqueous solution. The mixture was purified by column chromatography (stiica gel, hsxene/ethyl acetate ■ 
. 20/1) to obtain 0.30 g of a 3<fluoro derivative (10) arid 0^5 g of a 4-fluoro derivative (11). 

The 3-fluoro derivative (10) Is 4/^az{do-3a-benzyloxy*2arfluoro^lopentane-1/S-meQiy1benzyl ether, 
and the 4-fluoro derivative (11) Is 4j9^ido-3a-benzyloxy-1a-ftuoro-Gyclopentane^l j3-methyibenzyl ether. 
26 The spectmm data of the 3-fluoro derivative (1 0) are as follows: 

i^-NMR(CDCb): (CCbF 8tandard)*191 .0 (ddd. J » 22.5, 30.7. 54.3Hz) 
1HNMR (CDCb): ai.9*2.4(m. 3H), 3.0-4.1(m, 4H). 4.2-5.1 (m, 5H). 7.38(s. 10H) 
IR (neat) 2160, 1500, 1450 cm ^ 

The spectnim data of the 4-fluoro derivative (11) are as fbllows: 
as Mass spectnjm 328 (M NHO: 

^HNMR (CDCI^: ai.7-1.9(m, tH), ^0-^2(m, 1H), 2.3-2.5(m. 2H), 3.4-3.6(m, 2H), 3.8*3.9(m, 1H), 4.1•4.^ 
(m. 1 H), 4.e0(s, 4H), 7.2-7.5(m, 1 0H) 

rtF'NMR(COCb.CDCbF standard): ''I4l.5(m) 

300 mg of the 3-fluoro derivative (10) thus obtained was dissolved In ethanol (50 ml) and chloroform (2 
so ml), and 5% pailadlum-carbon (0.5 g) was added thereto. The mixture was hydrogenated to obtain an amino 
diet (12). 

i«P-NMR(CDCb): (CC1)F standard)*1 88.10 (ddd, J ° 24.2. 33.4, 58^z) 

The cnjde product of the amino dlol (12) was dissolved In t-butanol (8 mIX and 300 mg (1.8 mmol) of 
5^1no^,6-dlch[oropyrimldIne and triethytamlne (0.5 ml) were added thereto. The mixture was refiuxed tor 
95 18 hours under heating. The solvent was distilled off. and the residue was extracted with chloroformywatsr 
(1/1). The aqueous layer was passed through a column of Amberltte CQ-100 (H type) (3 ml), and Uie 
desired product was eluted with 4% aqueous ammonia (200 ml). The solvent was distilled off to obtain 178 
mg (yield: 81 %, two st^s) of a pyrimldlne derivative. 

176 mg (0.68 mmol) of the pyrimldlne derivative was dissolved in ethyl orthoformate, and odncentrated 
40 hydrochloric acid (0.5 mi) was added. The mixture was heated In an autoclave at 1 00* C for 18 hours. TTie 
soK/ent was distilled off, and IN HCi (5 ml) was added thersto, end 8te mixture was stirred at room 
temperature for 3 hours. After the removal of the solvent, the mixture was purified by reversed phase 018 
siUca gel chromatography to obtain 103 mg (yield; 81%) of 9-(3«-fIuoro-2flfhydroxy-4/8-hydroxymethyl-1^ 
cycIopentyl>'8-am[nopurine (1 3). 
48 Melting point: 186.2-199.2 (decomposed) 

i>P*NMR(PM80-d8): (CCl3F)-1 85.9 (ddd, J - 28.0. 30.0, 54.2Hz) 

NMA (DMSO-dfi): 52.0<3.0(m. 3H), 3.0*3.7(m. 5H). 3.fr'4.5(m, 2H), 5.46(d. J"5.5Hz.1H), 7.18(brs, 2H). 
ai1(8. 1H). 8.19(3, 1H) 

On the other hand, 0.25 g (0.69 mmol) of ^e above«merit!oned 4-fIuoro derivative (11) was dissolved In 
80 ethanol (37 ml] and chloroform (1.6 ml), and 5% palladium-carbon (0.40 g) was added thereto. The mixture 
was hydrogenated to obtain 0.15 g of an amino dlol (14). 

The cmde product of the amino diet (14) was dissolved In 1«butanol (8 ml), and 300 mg (1.8 mmol) of 
5-am]no-4.&<flchloropyrimldine and triethylamlne mO were added thersto. The mixture was refiuxed for 
18 hours under heating. The solvent was distilled off, and the residue was extracfod with dilorofonnAiffiter 
65 (1/1). The aqueous layer was passed through a column of Amberllts CQ-120 (H type) (3 ml), and the 
desired compound was eluted with 4% aqueous ammonia (200 ml). The solvent was distilled off to obtain 
0.15 g of a pyrimldlne derivative. 

ai5 g of the pyrimldlne derivative was dissolved In ethyl orthotomnate {0 ml), and concentrated 
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hydrochloric acid (0.5 ml) was added. The mixture was atlrred at room temperature for 2 days. The solvent 
was distillod off, and a saturated methanol-ammonfa (6 ml) was added to the residue at O^C. and the 
mixture was heated in an autoclave at lOO'^C for 18 hours. The solvent was distilled off. and IN HCI (5 ml) 
was added to the residue. The mixture was stirred at room temperature for 3 hours. The solvent was 
s disfllled off, and the residue was purified by revereed phase &18 silica diromatography to obtalnJO mg of 
9-(4a-fluoro-2(rhydroxy-4/3''hydroxymethyM /9-cyctopentyi)-6^{nopurfne (15). 

fH-NMR (COCb): 22.0-3«0(m, 4H). 3.7-4.0(S, 1H). 4.8-5.0(m. 2H). aiO(s, 1H), 8.25(s. 1H) 

<V-NMR (PaO^CCIaF standard): -141 .9(m) 

E)CAMPLE2 

Preparation of 1 '(3a-f luoro-2Qt-hvdroxy-4;8-hydfoxymethyM i9<vclopentvl)uracll (16) ^ compound of the 
formula I wherein each of fl^ and fs a hydrogen atom and 8 is a uracil residue) 
rs * 

180 mg (1.2 mmol) of 3a-fluGro*2a-hydroxy^i9-hydroxymethyM^ycIopentyfamlne (12) (amine dioi 
(12) obtidned by the hydrogenatlon of the 3*fluoro derivative (10) obtained In Example 1) was dissolved In 
N,N-d!methytformamide (10 ml), and 3-ethoxy^2-propenoyl Isocyanate ^.4M benzene solution, 3.0 ml, 1.2 
mmol) was dropwise added over a period of 5 minutes. Ten minutes later, the mixture was returned to room 

20 temperature and then further heated at OO^C to distill off the solvent. 8y means of ethanol (5 mi ^ 3). low 
boiling substances vyere completely distilled off. Then. 10 ml of 2N hydrochloric acid was added to the 
residue, and the mixture was refluxod for 20 minutes under heating. Alter cooling to O^'C, the mixture was 
neutralised with 2N aodlum hydroxide and then heated to 40*C to distill off water. The residue was purified 
.by silica column chromatography to obtain 270 mg (yleld:.92%) of the above Identified compound (16). 

29 ^-NMR (acetone-ds, CChF standard): M87.0 (ddd. J-24.2, 2a6, B%7Hz) 

m-mR (acetone-de): ai.8:2.6(m, 3H). 3.5-5.3(m, 5H), S.70(d, J-7.8Hz. 1H), 8.00(d. J -7.9Hz. 1H) 

EXAMPLE 3 

30 

Preparation of 1'(3a«fluQrQ-2a-hydrQxv-4/3-hydroxvmethyl-1j3-cyclQP6ntyl)thym1ne (17) |a compound of the 
formula I wherein each of and is a hydroc'flh atom, and B Is a thymine residue) " 

240 mg (1.6 mmol) of 3a-fluoro•a-hydroxy*4^-hydroxymethyi-1/^cyctopentyIamlna (12) was dissolved In 
OS N,N-dlmethyifbrmamlde (10 mi), and 3-methoxy-2-methyl-2'propenoyi Isocyanate (0.4M benzene solution, 
4.0 ml, 1.6 mmot) was dropwise added over a period of 5 minutes. Ten minutes later, the mixture was 
returned to room temperature and then further heated to 30*C to distill off the solvent. By means of ethanol 
(5 ml ^ 3)^ low boiling substances were completely dlstined off. Then, 10 ml of 2N hydrochloric acid was 
added thereto, and the mixture was refluxed fbr 20 minutes under heating. After cooling to O^C, the mixture 
40 was neutralized with 2N sodium hydroxide and then heated to 40^C to distill off water. The residue was 
purified by silica gel column chromatography to obtain 460 mg (yield: 100%) of the above Identified 
compound (17). 

^4im (acetone-da, CCbP standard): -166.9 (ddd, J«23.8, 29.8, 53.7Hz) 

tH-NMR (acetone-de): 51.4-2.8{m (21.90), totally SH). 3.S«5.2(m. 3H). 7.70(br s, 1H) 

EXAMPLE 4 

Preparation of 1 -Qo-f iuoro-2a-hvdroxv'4js-hvdroxymethv(*1 iS-cvctoDentvifcvtosine (16) g compound of tiie 
80 formula I wherein each of R^ and R^ Is a hydrooen atom, and B Is a cvtpslne residue) 

■ 

98 mg (0.4 mmol) of the uracil derivative (16) prepared In Bompie 2 was dissolved In dry pyridine (10 
mi), and 4-dlmethylaminopyridlne (10 ml) and dry acetic add (2 ml) were added thereto. The mixture was 
stirred at room temperature for 1 hour. The reaction solution was poured Into a 0.5 M potassium 
S5 dlhydrogen phosphate aqueous solution (20 ml) and extracted with chloroform (20 mt). The chlforofprm 
layer was dried over anhydrous magnesium sulfate and then conoentarted under reduced pressure. The 
residue was dissolved in dry acetonltrile (5 ml), and 270 mg (1.2 mmol) of 2-mesitylene sulfonyl chloride 
and 170 Id (1.2 mmoQ of trimethy lamina were added thereto. The mixture was stirred at room temperature 
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fbr 1 hour. The reaction solution was concentrated under reduced pressure, and a saturated ammonia- 
methanol solution (3 mt) was added to the residue. The mixture was stirred at room temperature for 15 
hours. The reaction solution was concentrated under reduced pressure, then dissolved in water (5 mi), 
adsoribed on Amberlite CQ-120 (H type), washed with water and then eluted wfth-5% aqueous ammonia to 
obtain the above Identified compound (18). Yield: 66 mg (67%). • 

1 V-NMR (DaO. CCliF standard): -1 88.4 ppm (ddd. J «22.46Hz. 8223Hz, 84J8Hi) 
«H-NMR (D20): 91.48-1.80(m, \H\ Z82-2.82(m, 2H). 3.8e«n. 2H), 480-&440n. SH), a30(d. J«7.8Hz. 
1H),7^d.J»7.6Hz. 1H) 



BOVMPLES 

Preparation of »(3<r'f(uoro*2a"hvdroxy-4|g'hydroxymetiyl-1fl*cvclopentyl)quanine (19) (a compound of flie 
formula i wherein each of and Is a hydrogen atom, and B la a guanine residue) 



238 mg (1.6 mmol) of 3cx-fluoro*2a-hydroxy-4i3*hydroxymethyl-1i9-cyclopentylamine (12) was dissolved ( 
in 1-butanol (33 mi), and 518 mg (3.2 mmol) of 2-amlno-4,6<fiehloropyrlmidine and 440 ixl (3.2 mmol) of ^ 
trlethylamlne were added thereto. The mixture was refluxed for 15 hours under heating. The reaction | 
solution was cooled with Ice, and the fomned precfpltatee were removed by filtration. The filtrate was ! 

20 concentrated under reduced pressure, and the residue was dissolved In acetic acid (8 ml) and water (8 ml). [ 
Then, sodium acetate trihydrate (3.16 g) and 3.6 ml of an aqueous 4^hlorobenzene diazonium chloride t 
solution (18 mmol)) were added thereto, and the mixture was stirred at room temperature for IS hours. The j 
Ibmned precipitates were collected by filtration and dried. The precipitates were dissolved in a 50% ethanol 
aqueous solution (25 ml), and 1.3 ml of acetic acid and 1.3 g. of zinc powder were added thereto. The 

2B mikture was stirred at TCC for 3 hours. The reaction solution was fWered, end the filtrate was concentrated, 
^en dissolved in water (20 ml) and washed with ethyl ether. The aqueous layer was adsorbed by Amberlite 
CQ-120 (IH type), than washed with water and eluted with 5% aqueous ammonia. The eluted solution was , 
concentrated under reduced pressure to obtain a pyrimidlne derivative (20). Yield: 108 mg (24%), 

290 mg (0.85 mmol) of the pyrlmidine derivative (20) was dissolved In N,N^lmethylformamide (2 ml), 

so and triethyl orthoformate (15 ml) and concentrated hydrochloric add (0^ ml) were added thereto. TTie ; 
mixture was atirred at room temperature for 15 hours. The reaction solution was concentrated under l 
reduced pressure, and 2N hydrochloric acid (20 ml) was added to the residue. The mixture was refluxed for 
3 hours under heating. The reaction solution was left to cool, then adsorbed by Amberlite CQ-120 (H ^ 
type), washed with water and eluted with 5% aqueous ammonia and concentrated under reduced pressure ^ 

as to obtain the above Identified compound (19). Yield: 90 mg (37%), |. 
^SRMMR (CDaOD, CCbP standard): -1 89.0 ppm(m) \ 
'H-NMR (CO^D): ai.20-1.78(m, 1H), 1. 98-2.01 (m, 3H), 3^(m. 2H), 4^.50(m, 3H). 8.08(s, 1H) 

* 

40 EXAti/IPLE6 

j 

Preparation of 9'^3a-fiuorO''2a-hydroxyM5-hydroxvmethyHjg'-cyciopentyl)'2.6<iiamlnopurln9 (21^ {a com- 
pound of the " formula I wherein each of R^ and £ is a hydrogen atom, and B a 2.6<ilamlnopurine j 
residue^ 

45 • ' ] 

250 mg (0.86 mmol) of the pyrlmidine derivative (20) as the Intermediate compound produced In ; 

Example 5, was dissolved In N.N-dimethylformamide (2 ml), and trtethyl orthoformate (15 mi) and | 

concentrated hydrochloric actd (0.5 mi) were added. The mixture was stirred at room temperature for 15 | 

hours. The reaction solution was concentrated undsr reduced pressure, and a saturated ammonla-methanol j 

so solution (3 ml) was added to the residue. The mixture was left to standi 70*C fbr 15 hours and | 

ooncentar^ed under reduced pressure. The residue was dissolved In water (10 ml)r then adsorbed by. f 
Amberlite (CQ-120) (H type), washed with water and eluted with 5% aqueous ammonia. The eluted 

solution was concentrated under reduced pressure to obtain the above Identified compound (21). Yield 63 * 

mg(30%>. I 

ss »«F-NMR (COjOD): - 1 73.77 ppm(m) 

■ 

EXAMPLE 7 



15 

* 
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Pfeparatfon of 5-amlnO'3.8-dihvdro-3'(3a'fIuoro-2a*hydro)(V^^*hydfOXvmethvhf i^cvctopentvi^^ 
tria2olot43'dtavrlrTHdln*7'Ono (22) (a compound of the formula I wherein each of and is a hydrogen 
atom, and B Is a 5-amino-3.e-dlhydro>7H«1.2.3-triMo!or4.5<ilpvrlmfdliv>7-one resfdue) 

s 250 mg (0.88 mmol) of the pyrlmidine derivative (20) prepared In Example 5 was dissolved in 1 N 
hydrochloric acid (2.5 ml), and 55 mg of sodium nitrite was added. The mixture was stirred under cooling 
wHh ice for 1 hour. The reaction solution was passed through Dfaton 8A-21 A (OH type), and then 5 ml of 2N 
hydrodiiortc acid was added thereto. The mbdure was refluxed tar 3 hours under heatfng. This reaction 
solution was adsorbed by Amberlite CQ-120 (H type), washed whh water and eluted with 5% aqueous 
10 ammonia. The eluted solution was concentrated under reduced pressure to obtain the above Identified 
compound (22). Yield: 60 mg. 

«8F-NiyiR (CDjOD, CCbF standard): -1 B8.7 ppm (ddd, J « 21 .71 Hz, 32 JTHz, 55,43Hz) 
(CDsOD): fi2.14-2.95(m, 3H), 3.88(m. 2H). 4.32(m, 1H). 4^M.44(m. 2H} 



IS 



ao 



EXAMPLE 8 



Preparation of 1 *(4o-fiuoro-2a'hvdroxv-4jg-hvdroxvmethvl*1 g-cvclopentyl)uracil (23) Ja compound of the 
formula I wherein each of R^ and R^ Is a hvdroflen atom, and B Is a 2.g-dlamlnopurfne residue) 



58 mg,(0.39 mmol) of 4a-fluoro-2a-hydroxy4i8-hydroxymethyl-liS-cyciopentylamlne (14) (the amine diol 
(14) obtained by the hydrogenatlon of the 4-fluoro derivative (11) prepared In Example 1) was dissolved in 
NtN-dlmethyiformamlde (1.5 ml), and 3-eth0xy'2'propenoyt isocyanate (0.4M benzene solution, 0.98 ml, 
0.30 mmol) was dropwise added thereto over a period of 5 minutes. Ten minutes later, the mixture was 

28 returned to room temperature and the further heated to 30<'C to distill off the solvent. By means of ethanol 
(2 mi ^ 2\. the solvent was completely distilled off, and 2 ml of 2N hydrochloric acid was added to the 
residue. The mixture was refluxed for 20 minutes under heating. After cooling to 0*C, the mixture was 
neutralized with 2N sodium hydroxide and heated to 40^0 to distill off water. The residue was purified by 
silica gel diromatography to obtain 53 mg (yield: 56%) of the above Identified compound (23). 

so «F*NMR(CD50D):M41.2(m) 

1H-NMR (CDaOD): 51.5-3.0(m, 4H). 3.5-4.0(m, 2H), 4 3-6.4(m, 2H), 5<95(d. J»7.9Hr, 1H). 7.95(d, 

J»7.9Hz,1H) 



3$ EXAMPLES 

Preparation of 1 '(40*1 luoro*2tt>hvdroxy'4ff*hydroxym6thvi-1 jg-cydopentvDthymine (24) (a compound of the 
fbrmula I Wherein each of R^ and R^ la a hydrogen atom, and B Is a thymine residue) 

40 34 mg (0.23 mmol) of 4a-fluoro-2a-hydroxy-4iS-hydroxymethyM^-cycIopentylamlna (14) was dissolved 
In N,N-dlmethylformam!de (1.0 ml), and 3-methoxy-2^ethyl-2*propenoyl Isocyaoat© (0.4M benzene solu- 
tion. 0.57 ml, 0.23 mmol) was dropwise added thereto over a period of 5 minutes. Ten minutes later, the 
mixture was returned to room temperature and further heated to 30°C to distill off the solvent. By means of 
ethanol (2 ml ^ 2). low boiling substances were completely distilled off. and then 2 ml of 2N hydrochloric 

4ff acid was added thereto. The mixture was refluxed for 20 minutes under heating. After cooling to O^'C, the 
mixture was neutralized with 2N sodium hydroxide and heated to 40'*C to distill off water. The product was 
purified by silica gel column chromatography to obtain 28 mg (yield: 47%) of the above identified 
compound (24). 

'«F-NMR (acetorie-de. CCbF): -1 3a3(m) 

so 'H-NMR (acetone-de): 51 .8-2.8(m + s(51 ,90), totally 7H), 3.4-4.0ftn. 2H). 4.3-5.1 (m. 2H), 7.85(br s. 1 H) 



EXAMPIpEIO 
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Preparation of 1«(4crfluoro-2tt'hydroxv-4/3-hydroxvmethvM^-cycloc9ntyl}cytosIri9 (25) (a compound of the 
formula I In which each of and y Is a hydrogen atom, and B |8 a cvtosfne residue^ 

400 mg (1.6 mmol) of the uracil derivative (23) prepared (n Example 8 was dissolved In dry pyridine (10 
6 ml), and 4Kjimethylamfno pyridine (10 mg) and dry acetic acid (2 mt) were added thereto. The mixture was 
stirred at room temperature for 15 minutes. The reaction solution waa poured Into a O.a M aqueous 
potasafum dhydrogerr phosphate (60 ml) and extracted with ethyl acetate (60 mix The ethyl acetate layer 
waa dried over anhydrous magnealum sulfate and then concentrated under reduced presaure. The residue 
was dissolved In dry acetonltrlle (10 ml)i and 1^8 g (4.0 mmol) of l-methyteriesulfonyl ditorlde and 680 ul 
to (4.9 mmol) of triethylamlne were added thereto. The mbcture was sdnred at room temperature for 15 
minutes. The reaction solution was concentrated under reduced pressure, and a saturated ammonia* 
methanol sotutbn (5 ml) waa added to the residue. The mixture waa stirred at room temperature fbr 15 
houra. The reaction solution waa concentrated under reduced pressure, and the reatdue was disaotved In 
water (30 ml), then ad8crt)ed by Amberlite CQ-120 (H*^ type), washed with water and eluted with 5% 
75 aqueous ammonia. The etuted solution was concentrated under reduced presaure to obtain the above 
Identified compound (25). Yield: 174 mg (45%). 
^^Hm (O2O. CCbf=): -143.5 ppm(m) 

'H«NMR (O2O): ai.94-3.l4(m, 6H). 4.75(m. 1H), 4wa4(m, 1H). 6.32(d, J»7.7H^ 1H}. 7.96(d, Js7.7Hz. 

IH) 

80 

EXAIVIPLE 11 

* • 
■ 

Preparation of 4iS*acetamldo-3i3'hydroxy-2a»fiuoro*1 jS-cyclopentane methyl acetate (26} (a compound of ttie 
36 formula I wherei R^ Is an ecotyl group. R^ Is a hydrogen atom, and B Is an acetamldo oroup) 

# 

7.0 g (32.0 mmol) of 4i9-acetamiclo-2^.3/^epoxycyctopentane-1ii-methyl acetate (a compound of the 
formula III wherein R^ is an acetyj group, and R^ Is an acetamldo group) was dissolved In dichloromethane 
(too ml), and the solution was cooled to 0*C. Then. 70% hydrogenfluoride-pyridlne (18 ml) was dropwise 
ao added thamto over a period of 5 minutosti^Two hours later, Uie reaction mixture was added to a saturated 
potasafum carbonate aqueous solution and extracted with dichloromethane. The extract was purified by 
•column chromatography to olTtaln S.87 g (yield: 77%) of the above Identified crfluoroalcohor (26). 

^H-NMR (CDCis): «1.4-1 .6(m, 1H), ^00(s. 3H). 2.07(a, 3H), 2,1-2.4(01, 2H), 4 07(d, J-6.8HZ, 2H), 4.1^.1. 
(m.4H),6.62(d. J = 7.2HZe 1H) 
as ««F NMR (CDCb): (CFCI3 standard)-179.fl (ddd. J « 50.3; 27.8; 1 1 .7Hz) 



EXAMPI£12 

40 Preparation of 9'(3a'fluoro-2j3-hydroxv-4/3-hvdroxy-methvHi8-cycbpentvtt-6'aminopurtne (2^ 

5.87 g (26.3 mmol) of the a-fiuoroalcohoi (26) prepared In Example 11, was dissolved In methanol (142 
ml), and 2N I-ICI (142 ml) was added thereto. The mbcture waa rsfluxed for 1 hour under heating. Methanol 
waa dlatilled off. and the residue was neutralized by passing it through Dialon 8A-21A OH type (300 ml). 

49 The aolvent was disUiled off to obtain 3.6 g (yield: 92%) of an amino diol 

^Bp-NMR (O2O): (CCi^ standanj): -1 81 .0 (ddd, J » 15.2, 2a8, 51 .6Hz) 

0.73 g (4.9 mmol) of the amino did (27) obtained above was dissolved in 1-butanol (60 ml), and 2.0 g 
(12.2 mmol) of 5-amlno-4,6-dlchloropyrldlne and 3.5 ml of triethylamlne were added thereto. The mixture 
waa refluxed for 2 daya under heating. The solvent was distilled off. and the residue was extracted with 

50 chloroform^atar (I/.I). The aqueous layer was adsorbed by Amberlite CG-120 (H type) (10 ml) and eluted 
with 0.3% aqueous ammonia (about 300 ml) to obtain 0.97 g (yield: 97%) of a dtaminopyrldine. 

i^NMR (CDiOD}: (CCbF atandard): ^m.l (ddd. J«16.1, 27.2, 41.5H^ 

256 mg (1 .0 mmol) of the dlamlnopyrldlne obtained above was dissolved in 23 ml of ethyl orthoformafe. 
and concentrated hydrochloric acid (0.6 mi) was added thereto. The mixture was stirred at room tempers 
S9 ture for 18 hours. The solvent was distilled off to obtain 182 mg (yield: 68%) of a chloropurlne derivative. 
^«F-NI^R (acetone-ds) (CajF standard): -175.3 (ddd. J ■12.3. 26.4, 50.8Hz) 
^\Wm (acetone-ds): a2.0-2.23(m. 2H). 2.3-4.0(m. 6H) 4.6-5.6(fn. 2H), 8,59(s 1H), a73(6. 1H) 
To 125 mg (0.47 mmoO of the chloropurine derivative, an ammonla-metimol solution (10 ml) saturated 
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at O^C was added, and the mixture was heated In an autoclave at lOO^C for 18 hours, and then cooted. Low 
boiling substances ware distilled off. 1N IHCI {6 ml) was added to the residue, and the mixture was stirred at i 
room temperature for 3 hours. Then, the solvent was distllidd off, and the residue was purified by reversed l 
phase C-1d sfitca gel column chromatography to obtain 7& mg (yield: 63%) of the atiove identified [; 
fluoroadenosine (28). 'hi 
Melting point: 200-21 0 *C (decomposed) 

t6F-|slMR{DMS0-da): {OOkP standard) -171.8 (ddd, J»12.8. 22^, 60.0Hz) 

^H4im (DluiS0-d6): 62.0-3.0(m, 3H), d.0-5.2(m, 6H), 5.4^.6(m. 1H), 7.16(br8, 2H). ai3(bra. 2H) ' 



EXAMPLE 13 

Preparation of 1 -(3g-fluoro-2fl-hvdroxv*4ig-hvdroxv methvi-li3<vclopentyl)uracll (29) 

IS 3G0 mg (2.0 mmol) of the amino diol (27) in Example 12 was dissolved in 10 ml of N.N•dlmethylfo^ 
mamide. and the solution ""was cooled to -25' Ci Then, 3-ethoxy-2-p!openoyl Isocyanate (0.4M benzene 
solution. 5.0 ml, 2.0 mmol) was dropwise added ttiereto over a period of 5 minutes. Ten minutes latisr, the 
mixture was returned to room temperature, and tiie solvent was distilled off over a warm batfi at 30*C. By 
means of ethanol (5 ml ^ 3) the solvent was completely distilled off. Then, 10 ml of 2N hydrochloric acid 

so wae added, and ttie mixture was refluxed for 20 minutes under heating. After cooling to O'^C, tiie mixture 
was neutralized by 2N sodium hydroxide, and water was distilled off at a batii temperature of 40'C. The 
residue was purified by silica gel column chromatography to obtain 340 mg (yield: 70%) of tiie above 

identified compound (28). 

««F-NMR (CDaOD, CCbF standard): -175.3 (ddd. J«12,7, 28.3, 51.0H2) 
25 »H-NMR (CDiOD): fi1.9-2.8(m, 3H), 3.6-4.0{m. 2H), 4.3-5.4(m, 3H), 5.85(d. J=a0Hz. 1H), 7.98(d, J«8.6Hz, 
1H) 



EXAMPLE 14 

Preparation of ^(3a-fluoro-2g-hvd^oxv^-4^-hvdfoxvlmethvi^1i^cyciopentyl)tilymi^e (30) 



270 mg (1.8 mmol) of the amino diol (27) prepared In Example 12 was dissolved In 10 ml of N,N- 
dlmethyltonnamlde. The solution was cooled to -25"C. Then. 3*metiioxy*2«mettiyI-2-propanoyl isocyanate 

as (0.4M benzene solution. 4.5 ml, 1.8 mmol) was dropwise added thereto over a period of 5 minutes. Ten 
minutes later, the mixture was returned to room temperature and tiie solvent was distilled off by adjusting 
tiie warn) batii at ZO^C. By means of ethanol (5 ml ^ 3), tiie solvent was completely distilled off, and ttien 
10 ml of 2N hydrochloric acid was added to the residue. The mixture waa refluxed fbr 20 minutes under 
heating. After cooling to O^C. the mixture was nsutraltzed witti 2N sodium hydroxide, and water was distilled 

40 off under a warm batii temperature of 40^ C. The product was purified by silica gel cotum chromatography 
to obtain 380 mg (yield: 82%) of the above identified compound (30). 

i>F-MMR (CD3OD. CCbP standard): -175.0 (ddd. Ja12 j, 28.3, 51.0Hz) 
•H-NMR (CI3sOD): S1.a-2.8(m+s , 62.02(s. 3H>, totally 6H). 3.7-40(m, 3H). 4.2-4.6(m, 2H). 7.80(br s, 1H) 



EXM4PLE 15 

Preparation of I'f3a-flttoro'2j3-hvdroxv4;5-hydroxvim9thvl-1j8-cvclopentyl)*5'iodouracii (32) 

60 820 mg (3.4 mmol) of the uracil derivative (28) prepared in Example 13, was dissolved in dry pyddine 
(10 ml), and 4-dlmelhylamlnopyridlne (5 mg) and dry acetic acid (1 ml) were added tiiereto. The mixture 
was stirred at room temperature for 30 minutes. The reaction solution was poured Into a 0.5M potassium 
dihydrogenphosphate aqueous solution (60 ml) and extracted witti diloroform (60 ml). The chloroform layer 
waa dried over anhydrous magnesium sulfate and ]hen concentrated under reduced pressure. The residue 

as waa purified by silica gel chromatography to obtain an acetyl derivative (31). Yield: 1.13 g (100%). 

560 mg (1.7 mmo!) of this acetyl derivative (31) was dissolved In acetic acid (10 ml), and 220 mg (0.87 
mmol) of Iodine was added. Then, fuming nitric acid was added, until the color of iodine disappeared. This 
.reaction solution was concentrated under reduced pressure, and tiie residue was dissolved in chlorofonn 
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($0 mi) and washed twica with a saturated sodium carbonate ac|uaoua solution ^0 ml). The chtorofonn layer 
was concentrated under reduced pressure and then diesolviad In athanoi (30 ml). Then. 2N sodium 
hydroxide (30 ml) was added thereto, and the mixture was stirred under cooHng witii ice for 20 minutes. The 
. reaction solution was neutralized with 2N hydrochloric add and then concentrated under reduced pressure, 
s The product was purified by silica gel column chromatography to obtain the above identtfled compound 
(32^ Yield: 35%. 

'Bp-NMR {CDfiD, CGbF standard); -1 92.7 ppm (dt. J ■ 2a00HZi 54^86Hz) 
^H-mn (CDsOO): M.24-1.96(m, 3H), 3.92(bd, J«483Hz. 2H), 443(m, 1H), 4.50-5.52(m. 2H}. 7.95(d, 
J«1.80H2.1H) 

10 

EKAMPl^ 16 

Preparation of 1'(3a-fluoro-2i?'hydr(pcyl-4j^hydroxymethyHg"Cyclopentyl)cy(o8lne (33) 

560 mg (1.7 mmol) of the acetyl derivative (31) formed during the preparation In &€ample 15 was 
dissolved In dry acetonltrtle (10 ml), and 1.08 g (5.1 mmol) of 2-mesitylene sulfonyl chloride was added 
thereto. The mixture was stirred at room temperature for 30 minutes. The reaction solution was cdn* 
centrated under reduced pressure. Then, a saturated ammonia-methanol solution (10 mO was added 

20 thereto, and the mixture was stirred at room temperature for 15 hours. Thte reactton sotutfon was 
concentrated under reduced pressure and tt>an dissolved In a 50% methanol aqueous solution (10 ml). The 
solution was adsorbed by Amberilte CQ-120 (iH typeX then washed with water and eluted with 5% aqueous 
ammonia. The eluted solution was concentrated under reduced pressure to obtain the above idsntified 
compound (33). Yield: 310 mg (77%). 

35 ^^NMR (CI>^D, CCIsF standard): -1743 ppm (ddd, J ^ 12.00Hz, 29.71 Hz. 52.57Hz) 

tH-Ni^R (CD3OD): 51.98-2.68(m. 3H). 3.88(bd. J •4.97Hz, 2li), 4^8-4,64(m. lH).5.00-5.42(m. 2H), 6.08(d, 
J«5.14Hz. IH). 7.98{d J«6.UHz, IH) 

30 EXAMPLE 17 

Preparation of (3a-fluoro-2/3-hvdroxy*4/?'hvdroxvm6thvl)'(2,S-diamlno-8<h!oro»4"pyf1midlnyl)amine (34) 

412 mg (2.76 nrvnol) of 3a-fluoro-2^-hydroxy-4^hydro)€ymethyH/J-cyclopentylamlne (27) was dissolved 
S9 in 1-butanol (58 ml), and 906 mg (5.52 mmol) of 2«am[ne-4.6«dichloropyrlmldtne and 770 ul (5.52 mmol) of 
trfethylamine were added thereto. The mixture was refiuxed for 15 hours under heating. The reaction 
solution was cooled with Ice. Formed precipitates were removed by filtration, and the filtrate was 
concentrated under reduced pressure. The residue was suspended In acetic acid (14 ml) and water (14 ml), 
and sodium acetate trthydrate (5.52 g) and 6.4 ml i?2 mmol of 4-clilorobenzene diazonlumchloride were 
40 .added thereto. The mixture was stinred at room temperature for 15 hours. Formed precipitates were 
collected by filtration and dried. To the preclpuates, ethanol (2.2 ml) and zinc powder (2.2 g) were added, 
and the mixture was stirred at 70'*G for 1 hour. The reaction solution was filtered, and the filtrate was 
concentrated under reduced pressure, then dissolved In water (50 ml) and washed with ethyl ether. This 
aqueous layer was adsorbed by Amberilte CG'120 (H type), then washed with water and eluted with 5% 
46 aqueous ammonia. The eluted solution was concentrated under reduced pressure to detain the above 
identified comound (34). Yield: 1 20 mg. 
IR (film) 3300 cm * 



60 EXAMPLE 18 

Preparation of 9'(3a-fluorO'2^rhvdroxv*4j3-hvdroxvmethvl-1^<vclopentvnquarlne ffS) 

300 mg (1.03 mmol) of the pyrlmidlne derivative (34) prepared In Example 17 was dissolved (n N,N-. 
66 dimethytfonnamlde (2 ml), and triethyl crthoformate (15 ml) and conoentrated hydrochloric add (0.5 ml) 
were added thereto. The mixture was stirred at room temperature for 15 hours. The reaction sotufion was 
concentrated, and 2N hydrochloric acid (20 ml) was added to the residue. The mixture was reftuxed for 3 
hours under lieating. This reaction solution was adsorbed by Amberilte CQ-120 (H type), washed wHh 
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water and eluted with 5% aqueous ammonia. The eluted solution was concentrated under reduced pressure 
to ot)tafn the above Identified compound (35). 
Yield: 126 mg (43%). 

isp-NMR (CDaOD, CCI3F standard): -174.2 ppm (ddd, Jsii.43Hz, 32.57Hz, 52.00Hz) 

«H-NMR (CDsOD): <1^*1.83(m, 1H), 2i)5*2.95(m, 3H), 3.d8(m, 2H), 43S-S.2S(nr\, aH), 9.1 1(e. 1H). 



EXAMPLE 19 

fo Preparation of 9-(3B-fluoro«2jg'hvdroxyl'4jS4ivdroxymethvMj3<vctopentv0'2jg'd!amln^ (36) 

■ 

300 mg (1.03 mmol) of the pyrimldlne derivative (34) prepared In Example 17 was dissolved In N.N« 
dlrnethyifbrmamUe (2 ml), and triethyl orthofbrniats (15 ml) and concentrated hydrochloric acid (0.5 mi) 
were added thereto. The mixture was stirred at room temperature for 15 hours. lYils reaction solution was 

19 concentrated -under reduced pressure, and a saturated ammonia-methanol solution (10 ml) was added to the 
, residue. The. mixture was left to stand at 70''C for 15 hours. The reaction solution was concentrated under 

reduced pressure* and the residue was dissolved In water (5 ml), adsorbed by Amberlite CG*120 (H type), 
washed with water and eluted with 5% aqueous ammonia The eluted solution was concentrated under 
reduced pressure to obtain the above Identlfled compound (38). 

20 Yield: 138 mg (47%). 

«F-NMR (CD3OD. CCIsF standard): -189.13 ppm(m) 



28 
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EXAMPLE 20 

Preparation of 5-aminQ-'3.6<ilhydro-3-(3tt'fluoro*2ig-hvdroxy-4jg-hydroxvmethvM ig-cvclopenty))«7H'1 .2.3- 
t1a2olo[4.5-^1pvrimldln-7'one (37) 

300 mg (1.03 mmol) of the pyrlmidlne derivative (34) prepared In Example 17 was dissolved In IN 
hydrochiortc acid (2.5 ml), and sodium nitnte (65 mg) was added thereto. The mixture was stirred under 
oooiing with Ice for 1 hour. The reaction solution was passed through DIaion SA-21A (OH type)« and 2N 
hydrochtoric acid was added thereto. The mixture was refluxed fbr 3 hours unddr heating. Tbia reaction 
solution was adsorbed by Amberlite CG*120 (H type), washed with water and eluted with 5% aqueous 
ammonia. The eluted solution was coricentrated under reduced pressure to obtain the alMve Identified 
compound (37). Yield: 121 mg. 

«F-NIWR (CDjOD. CCI3F standard): -178.8 ppm (ddd, J-14.29Hz, 32.00Hz. 54.S7Hz) 

^H-NMR (CO3OO): ^.12«2.89(m. 3H). 3.82(d, J -6.1 7Hz. 2H). 410-4.38(m, 1H), 4.62'^.54(m. 2H) 



49 EXAMPLE 21 



SB 



Preparation of 9>(3a4luoro-2a'hydroxyl-4jS«hvdroxvmethvl-1 tf'Cyciopentyl)-6'amlnopurine (38) 

200 mg (0.75 mmol) of anstarorayclna l.e. 9^2a,3crliydroxy<4i84iydn)}cymethyiM/9-cyetopentyi>^ 
4$ aminopurine was dissdWed in acetonltrlle (10 rhi), and 1.4 ml of 2-ac6toxy isobutyryi bromide was added 
thereto. The mixture was reacted under reflux for 1 hour. Acetonltrlle was dlatiiied off, and a saturated 
sodium hydrogen carbonate aqueous solution was' added to the residue. The mixture was extracted with 
ethyl acetate. The crude product was dissolved in methanol (5 ml). A 1 M methanol solution of sodium 
methoxide (2.0 ml) was added thereto, and the mixture was reacted at room temperature for 1 .5 hours. The 
80 aoivent was distilled off, and water (10 ml) was added to the residue. The mixture was neutralized with 2N 
acetfG add. The cnide product was separated by C-18 reversed phase column chromatography to obtain 
0.17 g of an epoxy derivative of the formula ill wherein is a hydrogen atom. ta an adenine residue, 
and tfie epoxy group takes an a-conflguratlon. 

'H-NMR (CDCb): ^2,0•^8{m, 3H), 3.7-3.9{m. 2H), 3,8-4^(m, 2H). 5.2'5.4(m, 1H). a50(S, 1H). aeO(S. 1H) 
05 The epoxy derivative thus prepared was dissolved In tatrahydrofuran (3 mi), and the solution was added 
to a suspension of 30 mg (0.6 mmol) of sodium hydride (60%) In tetrahydrofuran (3 mi), and the mixture 
was atirred at room temperature for 10 minutes. Then, 0.07 ml (0.6 mmol) of benzyl bromide was added 
thereto, and the mixture was refluxed for 4 hours under heating. The reactfon sorutior> was cooled, and after 
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aii addition of watefr extracted with dichioromethana The crude product was dissolved In dichtoromethane 
(10 ml). Theri, 0.5 ml of a hydrogen fluorlde-pyrldlne oomptox was added thereto, and the mixture was 
stirred at 0*C for 45 minutes. The reaction mixture was poured into a saturated potassium carixxiate 
solutioh, and extracted with dichloromethane. The crude pifoduct was dissolved In elhanol (5 ml) and 
e chloroform (0.25 ml), and 60 mg of palladium-cartoon (5%) was added thereto. The mixture was stinred at 
room temperature for 18 hours, and then subjected to. column chromatography to obtain 35 mg of the 
atMve Identified compound (38). 

^F-NMR (CDCts. CCbF standard): -188.3 (m) 



10 



Iff 



E)CAMPLE 22 

(1) Preparation of 9^(^a*fl^o^o■2a-hvdroxv■4i8^^butvidimethvl8iltiXvmethvl>1J^■^cyclopentvl)^^dlmet■ 
hylaminomethvlene arnlnopurine (39) 



The above identified compound (39) was prepared by using 9"(3a-fluor(^2a-hydroxy-4/9-hydroxym6thyl- 
1 i3-cyclopentyl}*6*aminopurfne (1 3) prepared in Example 1 . 

670 mg (2.7 mmdt) of fiuoroadenoeine (13) was dissolved in dimethylfbrmamide (12 ml), and 2.03 ml . 
(16.3 mmol) of dimethylformamide dimethylacetai was added, thereto. The mixture was stin'ed at room 
20 temperature for 2 hours. The reaction solution was concentrated und^ reduced pressure, and the re^due 
was purified by silica gel column chromatography. Yield: 680 mg |^24 mmol, 62,9%). 

520 mg (1 J1 mmol) of the product was dissolved In dlmethylfdrmamlde (3 mO, and 233 mg (3.42 
mmol) of Imidazole was added thereto and cooled with Ice. A dimethylformamide solution of t-butyh 
dimethylsilyl chloride (258 mg/2 ml) was dropwlse added thereto, and the mixture was stirred at room 
8s temperature for 10 hours. 

The reaction solution was dissolved in 50 mi of benzene and washed with water. The benzene layer 
was dried and concentrated under reduced pressure. The residue was purified by silica gel column, 
chromatography to obtain a prgtected f luoroadenoslne (39). Yield: 284 mg (0.63 mmol, 37%), recovery of 
the starting material: 250 mg (0.82 mmol, 47.9%). 
80 'H-mn (COCb): 59 07(s, 1H). 8.07(s, 1H). 7.98(s, 3H). 5.31-a40(m, 7H), 3.24(S. 3H). .3.19(8, 3H). 0.88(S. ? 
9H).0{s,eH) 

^"F-NMR (COCIs, CCbP standard): -191.3 ppm (ddd, Jb25.7, 32.6, saSHz) 



38 (2) Preparation of 9-f3tf-fluorO'4jfl'hvdroxvmethvM j3-cvclopentyl)-d'aminopurlne (40) 

230 mg (0.52 mmol) of the alcohol (39) prepared in Step (1) was dissoived in dichloromethane (5 ml), 
and 190 mg (1.S8 mmol) of 4-dimethylamlnopyrldine was added thereto. The mixture was cooled to 0«'C. 
and 170 mg (1.0 mmol) of phenylchlorothionocarborate was added thereto. The mixture was stirred at room 

40. temperature for 15 minutes. The mixture was treated with water In a usual manner, and then subjected to 
silica gel column chromatography to obtain a cnide product The crude product was dissolved In benzene 
(10 ml), and trlbutyitln hydride (1.0 ml) and N.N'-azoblsisobutyronftrtle (5 mg) was added to the sohitlon. 
The mixture was reacted under reflux for 15 minutes. The reaction mixture was concentrated, and purified 
by silica gel chromatography to obtain a crude product. 

4S The silyl ether thus obtained was dissolved in tetrahydrofuran (10 ml), and tetrabutyiammonlum fluoride 
(1M solutloa to ml) was added. The mixture was stirred at room tmperature (or 1 hour, The desliyl 
derivative was purified by column chromatography. The product was dissolved In pyrldlne^% aqueous 
anrunonia/water (1/1/4.5 ml), and the solution was stirred at room temperature tor 18 houre. The reaction 
mixture was concentrated and purified by column chromatography (chloroform/methanol » 4/1) to obtain 80 

so nng of the above identified compound (40). 

^H-NMR (DzO): 61.e-2.0{m. 5H). 2.75(d. J = 5.4Hz, 2H). 3.8^.8{m, 2H), 7.1 9(S. 1H), 7.24{s, 1H) 
^^'Hm (DzO, CDCb. CCbF standard): -165.9 (dddd. J -52.1, 345, 30.6, ia7Hz) 



09 EXAMPLE 23 
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Pi^paratlon of 4ig-acetamldo-2a-fluoro-l j9<vc!ooentane methyl acetate (41) (Step (D) 

To 21fl mg of N-bromoaucdnIc acid Imlde. 1 ml of dry ethyl ether waa added. The mixture was cooled 
to O^C and 1 ml of a HF-pyridlne solution (70%) was added thereto. Then, a solution of 243 mg of ds«4^- 
8 8oetamIdocyclopen^2-ene methyl acetate tn dry ethyl ether (1 ml) wae added thereto at 0*C, and the 
m!)dur6 was stirred at O^C U>r 30 minutes and at room temperature for 2 hours. The reason solution was 
diluted with chloroform, tiien poured Into a saturated sodium hydrogencarbonate solution arid extracted with 
diloroform. The chloroform layer was dried, concentrated and subjected to purification by silica gel 
chromatography .(chlorofomr^methanol « SO/1) to obtain 280 mg of the above Identified compound. 
10 i«F^MR(CDCb): -1 S4,0 (ddd. J « 49,6. 33,9, 1 4.7Hz) 

«H*NMR (GDCIs): 8i;3-2.8(m. 3H). 2.03(s, 3H), 2.09(s. 3H), 4.2-8.5(m. 5H), &d(br, s. 1H) 
1R(CDCI3): 3040. 1750. 1680, 1520 cm « 

To a solution of 278 mg of the bromide thus obtained. In dry benzene (20 ml), 5 mg of a.a'<* 
azobislsobutyronitrlle and 1.25 mi of trlbutyltln hydride were added. The mixture was refluxed at 80 "C for 
15 30 minutes under heating. The solvent was distilled off, and the residue was purified by silica gel column 
chromatography (chloroform/methanol = 50/1) to obtain 160 mg of the above identified compound (41). 
»F-NMR(CDCi3): -171.1 (dddd. J « 52.7, 33.2, 28.6. 21.7H2) 

^H-NMR (COCb): 51.00-2.60(m. SH); 1,96(s. 3H), 2.08(8, 3H), 400-S.40(m. 4H), 5.80(br, s, 1H) 
IR(C0Cl3): 1743, 1 680, 1520 cm » 

' EXAMPLE 24 

Preparation of 4/S*ac6tamldo-2a'Huoro*1 g*cvciopentane metiiyl acetate <41) (Step (2)) - 

as 

To 430 mg of 4^-acetamldo-3i3*hydroxy-2a-fluoro*1^-cyclopantane mettiyl acetate (26X prepared In 
Example 11, 37 ml of toluene. 1.46 g of triphenylphosphlne, 933 mg of Iodine and 360 mg of imidazole 
were added, and the mixture was refluxed for 4 hours under heating. The reaction mixture was left to cool, 
poured Into a saturated sodium hydrogencarbonate aqueous solution and extracted with chloroform. The 
30 extract was concentrated, dried and subjected to purification by column chromatography to obtain 55 mg of 
Iodide. 

i»F-NMR(CDCl3): -1 68.0 (ddd. J = 51 .8, 27.3, 26.6H2) * 
*H-NMR (COCIs); 51 .20-2.80(m, 3H), 1 .93(s. 3H). 2.03(8,. 3H), 4X)0-S.50(m. 5H) 
To a solution of 55 mg of the Iodide tiius obtained, in dry benzene (3 mi), 1 mg of a,or- 
ss azodllsobutyronltrlle and 0.23 ml of trlbutyltln hydride were added, and ttie mixture was refluxed at 60^0 for 
20 minutes. The solvent was distilled off and tiie residue waa purified by silica gel column chromatography 
to obtain 37 mg of tiie above Identified compound (41 ). 

40 EXAMPLE 25 

Preparation of 4/S'amlno«2a'fluorO'1j3<ycIopentane methanol (42) 

To 180 mg of the fluoride (41) prepared In Example 23. 4 ml of 2N hydrochloric add was added, and 
46 tfie mixture was stirred at 100'C for 8 hours. The product was purified by DIafon 8A-11ato obtain 82 mg of 
the above Identified compound (42). . . 

' The fluoride (41) obtained (n Example 24 was subjected to tiie same treatment as above, whereby the 
same compound (42) as Identified above was obtained. 

«F^Mfl (D2O): -1 65.1 (dddd. J • S4.0. 36.6. 31 .3, 22.7Hz) i 
BO M*Um (Day. I0.80-2.40(m, 5H). 3.40-5.20(m, 4H) 



EXAMPLE 26 
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Preparatton of 1*(3a-fIuorO'4jg*tiydroxvm9mvMff-cvcfQP9nty[)urac|| (43) 

130 mg (0.98 mmol) of 3ac-fluoro^/3-hydroxymethyl-1i9-cyc(op8ntylamlna (42) prepared In Example 25 
waa dlaaolved tn N.N-dimethylformamide (5 mi), and 3-ethoxy-2'propenoyl laocyanate {0.4M benzene 
0 aolutloni 2J5 ml, 1.0 mmol) waa dropwfae added thereto over a period of 5 minutes. Ten minutes tater, the 
mixture was returned to room temperature dnd furttier heated to a0*C to disttii off tiie solvent By means of 
elhanol (5 mi ^ 2), low bo\\lt\Q substances were oompletaly distilled off, and then 10 ml of 2N hydrochforlo 
acid was added to the residue. The mixture was refluxed for 20 minutes under heating. After cooling to O^'C. 
the mixture was neutralized with 2N sodium hydroxide ^ heated to 40''C to distill off water, The product 
10 was purified by silica gel column chromatography to obtain 180 tng (yield: 67%) of the above Identified 
compound (43). 

>*F-NA4R (DaO, CCleF): -1 58.2{m) 
.m-NMR (D20): 51.8-3.0(m. 5H), 3.8^.0(m. 2H), 4d^J{m, 1H). 6.1 0(d, J-7^Kz. 1H). 8.00(d, 
J=7.9H2. 1H) 

rs 

EXAMPLE 27 

Preparation of l-Oa-fluoro^ff-hydroxymethyl-l^-cvciopentyDthymlne (44) 

so 

200 mg (1^ mmol) of 3a*lluoro«4iS-hydroxymethyi-li9-cyct^entyiam[ne (42) was dissolved In N.N- 
dimethyllormamide (7 ml), and 3-mathoxy«2-m8thyl-2'-propenoyl isocyanate (0.4M benzene solution, 3.8 ml, 
1,6 mmol) was dropwise added thereto over a period of 6 minutes. Ten minutes later, the mixture was 
returned to room temperature and further heated to 30*C to dietiit off the solvent 8y means of ethanol (4 

28 ml ^ 3). low boiling substances were completely distilled off. Then, 10 ml of 2N hydrochlorlo add was 
added to the residue, and the mixture was refluxed for 20 minutes under heating. After cooling to O^C, the 
mixture was neutralized with 2N sodium hydroxide and heated to 40''C to distill off water. The product was 
purified by sIKca gel column chromatography to obtain 350 mg (yield: 86%) of the above Identified 
compound (44). 

so i>F-NMR (acetone-de. CChF atandard): <169^(m) 

^H*NMR (aoetone-d6): 31.6-2.7(m+8($1.88), totally 8H), 3.0'5.e(m, 4H), 7.d89)r s. Mi) 



EXAMPLE 28 

Preparation of H3a-fluoro'4j3-hydroxymethyhti3<vclopentvl)cvtoslne (46) 

tm 

240 mg (1 .0 mmol) of the uracil derivative (43) prepared In Example 28 was dissolved in dry pyridine 
(10 ml), and 4^jmethylaminopyrldlne (10 mg) and dry acetic add (1 ml) were added thereto. The mixture 

40 was stirred at room temperature for 30 minutes. The reaction solution was poured into a 0.5M potassium 
dihydrogen phosphate aqueous solution (50 ml) and extracted with ethyl acetate (50 ml). The etiiyi acetate 
layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue 
was dissolved in dry acetonltrlle (10 ml), and 670 mg (3.0 mmol) of 2*mesitylene suHbnyl chloride and 420 
ul (3.0 mmol) of triethytamlne were added thereto. The mixture was stined at room temperature for 50 

48 minutes. The reaction solution was concentrated under reduced pressure, and the residue was dissolved In 
a sedated ammonla-methanol solution (3 ml) and stinted at room temperature for 15 hours. The reaction 
solution was concentrated under reduced pressure, and the residue was dissolved In a 90% methanol 
aqueous solution (20 mi), adsorbed by Amberllte CGh120 (H type), washed wltii water and eluted with S% 
aqueous ammonia. The eluted solution was concentrated under reduced pressure to obtain tiie above 

so Identified compound (45). Yield: 55 mg (24%). 

^NMR (CDaOD, CCbF standard): -167.5 ppm (ddt. Ja2a95Hz, da76Hz, 63.22Hz) 
^H-NMR (COjOD); 51 .e4-2.78(m. 5H). 3.83(bd. 2H). 6.26(dm, J -53.22Hz, 1H), 5.38(m, 1H), 6.1 3(d. 
J •7.5H3, 1 H), 7.95(d. J = 7.5Hz. 1 H) 

88 

EXAMPLE 29 
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(1) Preparation of 4a'(2.S<liamfno-6«chloro«4*pvrlmidlnvlamtno^2/Mluoro*1a<vclopentan methanol (40) 

010 mg (&d mmol) of aa-fluoro*4i8-hydroxymethyl-ti9-cycbpentylamfne (42) was dlsaolvecf (n l«butanol 
(30 ml), and 2*49 g (15.22 mmol) of 2-amino-4,6^ichloropyrlmldlne and 2.1 ml (16.2 mmol) of triethylamlne 

9 -were added thereto. The mixture was refluxed for 15 houra under heating. The reaction mixture was cooled 
with Ice, and formed precipitates were removed by flKretlon. The filtrate was concentrated under reduced 
pressure. The residue was dissolved In acetic add (34 ml) and water (34 ml) and 13.8 g of sodium acetate 
trlhydrate and 18 ml (7.5 mmol) of 4^htorobenzene diazonlumchlorfde solution were added thereto. The 
mbdure was stirred at room temperature for 16 hours. Formed prsdpltatas were, ooltectsd by filtration and 

fO dried To tile precipitates, a 50% ethanol aqueous solution (100 ml) and acetic add (11 ml) were added, 
and then 11 g of zinc powder was added. The mixture was stirred at 70''0 for 1 hour. The reaction solution 
waa filtered, tiien adsorbed by Amberllte CG-120 (H type), washed with water and eluted wltti aqueous 
ammonia. TTie eluted solution was concentrated under reduced pressure to obtain the above Identified 
compound (46). Yield: 380 mg (20%). 

fS (R (film): 330 cm ^ 



(b) Preparation of 9-(3tt-f luoro-4jg-hydrQxvmethvi'1 j8-cvclopentvi)quanine (47) 

20 190 mg (0.89 mmol) of the pyrlmldine derivative (48) prepared In the above Step (a) was dissolved in 
'N,N-dlmethylformamlde (2 ml), and triethyi orthoformate (30 ml) and concentrated hydrochloric acid (1 ml) 
were added tiiereto. The mixture was stirred at room temperature for 4a hours. The reaction solution was 
concentrated under reduced pressure, and 2N hydrochloric acid (20 ml) was added to the residue. The 
mixture was refluxed for 4 hours under heating. This reaction solution was adsorbed by Amberllte CQ*120 

ss (H type) and eluted with 5% aqueous ammonia. The eluted solution was concentrated under reduced 
pressure to obtain the above identified compound (47). Yield: 101 mg.(55%). 
«F-NMR (CO3OD. CCI3F standard): -1 67.5(m) 

'H-NMH (CO3OD): B^ .91-2.89(m. 5H). 3.87(bd, 2H), S.02-S.e8(m. 2H), 8.09(s. H) 

30 

aCAMPLE 30 

Preparation of 9'(3a'fluoro*4jg-hvdroxvmethvl-1 ^*cvclopentvlV2.8'dlamlnopurlne (49) 

ss 190 mg (0.69 mmol) of the pyrlmfdfne derivative (46) prepared In Step (a) In Example 29 was dissolved 
In N.N-dlmethylformamide (2 ml), and triethyi orUiofonnate (30 ml) and concentrated hydrochlorfc add (1 
ml) were added thereto. The mixture was stinted at room temperature for 48 hours. The reaction solution 
was concentrated under reduced pressure, and a saturated ammonla-methanol solution (3 mi) was added to 
tiie residue. The mixture was left to stand at 70 °C for 15 hours. The reaction solution was concentrated 

40 under reduced pressure, dllssolved In water (10 ml), then adsorbed by Amberllte CG-120 (H type), washed 
with water and eluted with 5% aqueous ammonia. The eluted solution was concentrated under reduced 
pressure to otrtain the above Identified compound (49X Yield: 147mg (40%)i 
V-NMR (CD3OD. CCbF standard): -1 87.3 ppm{m) 

•H-NMR (CDsOD): ai,89-2.80(m, 4H). 3.88(bd. 2H), 5.04-S.88(m. 2H). ai4(s, 1H) 

Clalnie * 

% 

1. A 1i9-substituted-2'hydroxy(or unsubsti'tuted)-3(or 4)«fluoro-49-hydroxyme<hyl cyctopentane derivative § 
90 having the formula: 



89 




X 
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wtierofn B <8 a resfdue of a nucfete acfd base, an azMo group, an amino group or an amino group protected 
by a protecting group; la a hydrogen atom or a hydroxyJ-protecUng group; and X is a hydrogen atom or 
. '*0R? wherein la a hydrogen atom or a hydroxyl-protecting group, provMed that the fluorine atom F is 
present at the Zee-, Zfi-cr 4a-posltton. 
8 2. The derivative aooording. to Cialm 1, which la a lj^eub8tltut8d-2a-hydroxy-3a«Juoro-4Mydmx- 
ymethyf cydopentane derfvatlve. 

a The derlvattva according to Claim 1, which la a 1^-ei4b5Htuted-2ar4)ydroxy-4cr*f)uoro-4)8-hydrox« 
ymethyl cydopentane derfvatlve. 

4. The derivative according to Claim 1* which Is a liB*aub8tltut0d*2^«hydro)cy^fluoro-4j-hydn}X' 
10 . ymethyi cycfopentane derivative. 

5. The derfvatlve according to Claim 1, which fa a 1^ub8fftuted*2a-hydroxy-d0«fluoro-4i}*hydrox- 
ymethyr cydopentane derivative. 

8. The derivative acoordfrig to Clafm 1, whtoh Is a 1i^substituted•3offluon^4J^hydro)cymethyl cycfopen- 
tane derivative. 

ra 7. The derfvatlve according to Oaim 1. which fa a Ij^^aubstltuted^^uoro^^-hydroxymethyi cycfopen- 
tane derfvatlve. - 

a The derivative according to Claim 1, wherein. B la a residue of a nudeic add base; B> Is a hydrcgen 
atom: and X Is a hydroxyl group. 

9. The derivative according to Claim 1 , wherein B Is a residue of a nudlelc acid base: la a hydrogen 
so atom; end X is a hydrogen atom. 

10. The derivative according to Claim 1, wherein the residue of a nuctefc add base is a substituted 

purine residue. 

11. The derivative acconifng to Claim 10. wherein the eubstitufeed purine residue Is a residue of a 
compound selected from the group consisting of adenine and guaitlne which may be aubaOtuted. 

S8 12. The derivative according to Cialm 1, wherein the reddue of a nudalc add base is a substituted 
pyrfmidine residue. . 

13. The derivative according to Claim 12, wherein the substituted pyrtmldine residue Is a residue of a 
compound selected from the group consfstlng of uradi, cytosfne and thymine which may be substituted. 

14. A process for producing a i iS<-substituted^2tt-hydrQ>cy-aa(or 4o}ffuoro^j3-hydroxymethyl cyctopen- 
so tana derivative of tiie fomsula: 



as 




(I-l) 



40 wherein R' is an azido group or an amino group protected by a protecting group; and each of R* and PP Is a 
hydroxyl-protecting group, provided that the fiuortne atom F is present at .the Stror 4or*posftion, which 
comprises fluorlnating a cyclopentane triol derivative of the formula: 




(II) 



wherein Rl and R^ are as defined above, and Y is a hydrogen atom or an active group, with a 
fluorlnatfng agent. 

16, A process for producing a 1j8-8Ub3tituted-aa-hydroxy-3a{or 4olfluono-4/j«hydns)cymethyf cydopen- 
^ tane derivative of the formula: 



2S 



10 
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(1-2) 



wherein B' Is a residue of a nuclefc acfd base, provided that the fluorfne atom F Is present at the 3a-or 4a* 
positloni which comprised converting of a cyclopentane derfvatlve of the formula 1-1 obtained by the 
process of Claim 14 to an amino groupi simultaneously or subsequently removing the protecting group, and 
then oonvertfng the amino group to a nucleic add base. 

16. A process for producing a 1/fi-8ubstituted-2«hydro}(y^fiuoro-4^hydroxyn)ethyl cyclopentane deriva* 
tlve of the formula: 



rs 



20 




(1-3) 
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wherein R> is a residue of a nucleic acid base which may have a pnitectfng group, an azido group or an 
amino group protected by a protecting group: and Is a hydnwyi-protectlng group, provided that the 
fluorine atom F and the hydroxy! group OH are ideated Iri a trans position to each other, which oomprfses 
flucrfnating a 2,3-epoxy cyclopentane derivative of the formula: 



B 



R 



6 




(III) 



40 wherein R^ and are as defined above, provided that the epoxy group Is present at the o-or iS-posltion. 
with a fluorinating agent. 

17. A process for producing a l^-substltuted-2-hydroxy-a^luoro-4i8<4iydroxymethyl cyclopentane derive* 
tlveaf thefonnula: ^ 



45 



60 




(1-4) 



wherein B' is a residue of a nucleic acid base, provided that the fluorine atom F and the hydroxyl group OH 
are present at a trans position to each other, which oomprfses converflng of the product obtained In 
es Claim 16 wherein R^ Is an azido group or an antino group protected by a protecting group, to an amino 
group sbnultaneousiy or subsequently removing the protecting group, and ten converting the amino group 
to a residua of a nudeic add base. 



26 
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• 18. A pfoceaa for producing a 1 /5'8ub$tftuted*3(or 4Huoro-4i^hycltoxymethy( cyctopentane darfvaHve of 
theformuta: 



ro 




(1-5) 



fO 



wherein la a residue of a nuctefc acid base which may hav^ a protecttng group, an azldo graup or an 
amino group protected by a protect(ng group, and le a hydroxyt-protocting group, provided that the 
ffuortne atom F Is present at the Za% Zfi-or 4a-poa{tfon. which comprfaes converting Z of a fluorocyclopen- 
tana derivative of the formula: 



20 




(III) 



ao 



wherein and the position of the fluodne atom are as defined above, and Z is a hydroxyl 'group, an 
activated hydroxy) group or a bromine atom, to a hydrogen atom. 

18. A prooesa for producing a'liS-aubatltuted-djor 4)-fluoro*4i}*hydP0xymethyl cyciopentane derivative of 
the formula: 



98 




(1-6) 
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Wherein B' Is a residue of a nucleic acid base, provided that the fluorine atom F is present at the 3cr-, Zfi-or 
4a-po5ltlon. which comprises converting of the product cUMnad In the process of (Mm 17 wherein R> (s 
an azido group or an amino group protected by a protecting group, to an amino group, simultaneously or 
aubaequently removing the protecting group, and then converting the amino group to a residua of a nucleic 
acid base* 
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